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;n--54^^5Ky-7 — T-fcSo Wfe?q*H»(4A7''n -yi^RU^Bz/n 2/^t4* — ^/-r — 
-t-''^^3^>A::^o y^Sl/B^'a s/i>{4*:^/Ky-^ — ffo-SiiiC^LTV^^o 
[0013] 

* » CO @ W J4 , tJ6 * «a JtK it L T W *IJ JtC -ft ffi p'?. S. - y> /Kir T ffi Jjfe #1 S W -r 5 40 
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1: T"fr f ij T' 13 ^# 5 
( ^ 0j ^ g ) 
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^ a 2 ^ }ii ± <o ^ y -r — h 1^ ^ ^ n ?) => ^ V — -c h 'o ^ z t ^ t -r ?) c 

[0014] 
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[0016] 

( 111 S fig ^ /j; fJi ) 

[0017] 

siifi, ^ m y o -y ^ <D m-B- ^ Rx/ ^ m y 13 ^ ^ <D ■:f a -y <D H m m. A B A =1 

I§l2fi. DM A - ME A =1 ^ V — (DmMmWs^ ^ 7 :^ G * <Dmn (G' ) fig^J-S-t/a 

n (G" ) J«5^-?rjgjfi^ (co) (^Mm<!:L-r^1-o 

mad. <D m.SiS.^ IC^m ^ ^ DM A - M K A - t e r t->''^/UT;}'l) 

h (tBA) riJffy-^ — «10Hz(75jl&^, 0. 1 % (D V- T ^ <fE R Tf 2 . ^ X, / (D M 

HftitS-CW^gga^:^ i> a 7 ^ E * OlHlta (E' ) 5> S t;? ffi (E" ) ^:9-Sr?aS«?M 
^ L T^-r„ 

[0018] 20 

^(^c-c {-^tiif^%^ ^m-mm) «s-g-^#tf±^^*-r5=^7'*ry-^-s.u^2oJii± 

C077i^^V^/Ky-r — ;4^e>itC-5o ^T/Ky-e-O^^tf-^^iS-^tt, $fiL<tt5 0%i^ 
± . i !9 » S b < 7 5 % 4ii Ji . :^ t » S L < 9 5 % iilJi ( 0!| X « . < ^: t> 9 9 % 

) roc-c^-^Sr-^tf (rr-e, %f±^«ip-efe5) c . ±^{±10 0% 

S2P) (OC-C^-g-^-g-tfo C-C3i$-g-(CjDx.T3T#y^-c^^^^(c:#:?5EL#5filltD 
^-g-OMtCttC-O^-g-iiJ-^SnSo 7^>-dr>-^jKy-r-f4=iT3}<y-v-(^)5|5iSIC^g-a- 
LTV^S, $f*b<}i. 77V^i^^^j}fy-r-fi/>;tC<i:ti1Sm(OC-C (•f-/j:fc'*>. M 30 
m-m.M) ^-^Sr-^tfo :77>'^:^^JKy-^ — <75±«4'<^*S-&f4*f^L<tt5 0%i^JL. 
i "9 $f * U < tt 7 5 % Jil ± . ft t> $f S L < f± 9 5 % J^A ± ( X. tt\ < t t 9 9 % ) CD 

^^{±10 0% OC-C^5§-g-^^A>-Ct^TtiJ;V>„ C-Clg-a-l-JP^T^^^ 

[0019] 

=3TJ}<y-^-{±#aroff^ffi€rM>9W5, 0iJ;t{i\ =iTjKy-^-(ii^4^SfcttM^^ 
3j<y-r-f± rairyr/Uj ir't.fFSHS) T'fe»3#-5o m^/Ky-^-tiSotiJiOffiESr^ 

-g-L, ;ti:-5:/ny;5'i3jj<y-^ — {iABA^'D->^'=i^y-7- — Z. in <,-t:^m^M <r) U 40 

*Ll^*Jfeffifl|-Cfc5o 3T5}fy-^ — ;6SMt^tDm-a-. 77V=JrVi/7jfy-7 — {i=iT^y-^ 

— o#*)Slw^-g-L. i^-oTfeD-5:;^tis/:5'3/}<y-r — {iS4^7}^y-7 — cf3{ci¥iii-5*e-r 
:^^*:fe^ijlSI^^S(^^<bv^#<(077V=3fi^^/JKy^-Sr#^f„ Mxl^, M*t = TjKy 
•7-^S4ocD5|5SSSr#UTV^5?tCttf>^D 5/^ = 7Ky-7-Ji4o<077i'=3fi^i/jKy-7- 

[ 0 0 2 0 ] 

fi^oT. >^ny^'=i7Ky-r-}±#|ig (AB) „ - 37- { - - X' . A RV^ B \t ]) -7 ~ ^ u 
S'i5'-efe'9, nf±2.W±.iif*L<fi2, 4, 6, 8*y5:fil2-Cfe«J, =iTtt#^7fJy-r 

— *§-^3T-efo-5) ?r*L#?,„ ABAy^n-y^n^^y-e — (75»-e-. M-^:*"^feic;J;CTB 
:/ns/^cf"{c^.-Ky-v-3T;4Si^iSLfct)L/£;4^ofc'9-r-5oifSL<fi:. ^^ny^AZfc 50 
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2o£A±co^/-r-ro^-/i< i:tlo(4M7Ktt-Cfei9. HtrfBbfc2oJit±(^)^y-7 — O^i? 
jl(i$f^L<(iij^/<C<i4i*t)0. 5T'&2., ii9*f*L<{±, y y :^ ^ > ^ ^ V -7 ~ ^ 
[ 0 0 2 1 1 

= T^y-r— (M^tf, ABAy^as/^^'Tjfy-? — tfjo^^J-B) USS-C^Kt^^ {-T^ityib 10 
[ 0 0 2 2 ] 

77>'=¥V:/5Ky-r— (^fij;tfj, ABAya5/i5'37Ky-r — cDii-a^OAT^'Di,^) (D:>!fv 
^ (Tg) «a^0~300'C. $f*L<{±25~175'C. J;'9if^L<(±3 

0~15 0t:T-$>5o 3T>Ky-7— ABAy'"n-yi>'=!^y-r — co»-a-C75Byn 

'y^) (75;*f7><.te^?fiS (Tg) {±ii^-200~150°C. ^f*L<{±-100~75 
"C, J;(9iff*b<f4-100~50t:. Stif*L<{±-75~50'C (^Jxtf, - 75 
~3 0t:5feit) T-fc5o a*#f4. V^-fnt--arJ;#^cOTg^f±7}fy-r — <^^#:6<]tteS. 

t;«#S(7? = TS.t/7^>'=¥:^^7Ky-^-roa®(c^s#-t--5r^:^a^?uTv^5„ M^^ir 20 
tti. y y ^ > ^ ^> 'J ~ ^ ■s^ t> hmff^ ^ . =1 r u - y ^ y ^ 

[ 0 0 2 3 ] 

Tg, i->fci:>*>:^7;^fe^£^{±, 5j<y-r — ^q■!^$>^T•zKy^-:i/c(±■?r(75-fe^^>-^;elS 
@^tc*fc{4flfeV^#^:^>t>^gf!(sSfc^4=r.A«#f4'-cote^*S:(t■5raAtr^t•r-<<^ffl^t^ 

iciy)m&'^mx&^^ :ff y :^m^m.m^m&-r ^tl)f)<D-'^^:)Jm^■i. m-^ n s c t l. 
X {ci^cD^mMdtBmm^mx $3 ^ o v — (d :^ y y^^^^^nni v -r ~ (DmnwRn 

•^JxfiTjKy-r — ^ti^CDj^S (Principles of Polymer 30 
Chemistry) J , A. Ravve, — 3. — 3 — :J'S.tJ'p:^K>'(OPlenum 
Press (1995<^)%fif, ISBN 0-306-44873-4 JCfE^^tLTV> 

5 o 

[ 0 0 2 4 ] 

[ 0 0 2 5 ] 

y y >^i^-:fifs^) - =1 T n< u -^-i-im'^y<y>y^(Diintzm.7i^^ym:^'&.^^-r^ 

y^Hi'i^ajKy-^-Sr^-rSipt-ilS^Stl-So =^y-^-f±0i|x.«^fc, ^i^y-zi^syb 
[ 0 0 2 6 ] 

IC /> < i: t 0 . 1 a ft % , i "9 ^ L < « < t 1 a ft % ( ^(1 ;t , 1-25^4 

% ) <7? u -e «r ^ T' -5 o "I i , # y - # 15 L ^ # T T' fil ic 31J 1@ CD ffi 

[ 0 0 2 7 ] 

= T4^y-^ — (4ii^l00~10, 000, 000Da.$TSL<H 2, 000~200 

, OOODa, J;'3^f4L<^4l0, 000~100, 000DaWic¥±S:9'^ft, ^i-t;^ 50 
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150~20, 000, OOODa, if*L<{4 5, 000—450, OOODa, ^ <0 

L < a 2 0 , 000~400, OOODatDMAW-i^'i^^A^m-r^o if*L<»4, 
77Vdr:/i^*?y-r — {4 80~500, 000, OOODa,$fSL<{ilOO~100 
, OOODa,J;<3iJ^L<{±100~20, 000DaCO^3p*a^^^», .5.T/80~7 
00. OOODa, jar*L<{4l00~250, OOODa, J:t3^f:£L<ll20~50 
, 0 0 0Da©MJ:5F*|j^>^*5r^r-t-6c ='T^V-^— M^vi^^^-!^^])-^ — (D^juit 
(iii^l : 10~10 : ITfo-So iif*L<tt. ='T5Ky-=!'— St77>=3f>^5}f!;-r — 
^ i:t fi 3 : 1 — 10 : 1 T' -5 , 
[ 0 0 2 8 ] 

:^^m y n -y ^ V -r - it 5 0%<Offi*fSJE/2 5"C:T-2 0ra¥lf&^¥J^'^jr3fi;^iH« 10 
-eiOHz. l%CO#t/, 2 5'CT-a!l^L-Cl~1 000MParo3f'l4*^*-f5ri:35S 

[ 0 0 2 9 ] 

ai:%(;5*?y-^ — ^;lov^T2 5t:■r^ipal^*A.gt^-S:fflv^r^iSLTl5mPa s (■t^'f^^ 

-I'X, cp)*v^. J;i5S^SL<(±12mPas7fe-»(^!lx(i, 3~12mPas (cp 
) ) (D^^^m-t^^tiimi£U\^^^ r.(D^SSrW-r-5 4<y-<'-fl>^7°U--i:LT$a^$ 

4^y-^-roiteSf4±fE®H^-efcoT'bctv>„ 

[ 0 0 3 0 ] 20 

^{%iti-5<, 3Ky-7-ii^ifs b< »i4 o-c/s o%o^a*f®st?'>/£< i o g<ojg^ 
o°c/ 8 0 %(Dmnm.&X''> f£ < k \> 1 5 gto^-g-§ts. ^t;l^f*L<^±4 ot/s o% 

<Offi*)-®S-t?15~3 0gO^-g-^^Sr^-f-5= S't.»*L<Ji. /Ky-7-fl2 5*C/8 

0 %<r>iiQnm^x''pt£ < t%, 1 5 g<^ig-a-3i*, m^itz s'c/s o%<ota*t?£S-ci 5 

~80g (fiTilx-tf, 15~70g, 25~70g) <D m ^ ^ S. m ^ . 
[ 0 0 3 1 ] 

i5^SL<{i, *^PJro:/n5'^='5Ky-^ — f±2 5'C/8 0%<7)ti*J-S*T'^i'-/i<i:'b34 30 
gO^-g-§SS. 0. 4 5GPa5l5?t<^3*tt^SrW-r5o J;!3»SL<{i, :*:^ig»4^y-7 
— (±2 5t:/5 0 3 4~1 0 0 g, i 190^ L< J4 3 4~6 0 g«0^-a-5S 

[ 0 0 3 2 ] 

r?'n5/^=i5Ky-v — ;45:*:0J|fflS:4im£«?i|co r^-ft^ogij^;;^^] S:^Bi:-rs-fe^->3V 
{Ci5tt$nTV^-5*ffilCii5aiJ^LT0. 4 5GPa*v^(75#<4*:^#-r-5ri:t$f^L 
/Ky-^ — l4$f*L<ttO. 0 1~0. 45GPa. J;>3&SL<»±0. 05 — 0. 4 
5GPa.*t>$fSL<»±0. 1-0. 4 5GPa03*14^^^-r-5o 
[ 0 0 3 3 ] 

/1^y-^-^sJtt^6<3iS5VMa^s.LKi«v^s^T'^•a•3£^^ffi:^tLTv^sc:i:(4. y^^^y^^sf 4o 

[ 0 0 3 4 ] 

0 0%) mm. ^m. ^^i5.t/^?g*»e>is*^$it5Js^;o>b«ij*$n5„ 

[ 0 0 3 5 ] 

*^Bj(7Diia^ife4'ic:'^ffii-sco(^*'bigLfc5j<y-^-(^#:s^-a-^*{4;^?'f y ^m.m. 
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i: m tz ir tz tb ^ yi< u - (Dit^mmummcom'B-^m t i^(D!^mmwi± (m^ii. n v 

n -y {; zj a?, y) -7 — (Om^^ . y y > ^ ]) -7 ~ <Dmi^\t. :^ ;^ if }} u •- h - =' - T 

^'U/UK (MMA-co-AA) <DX0^J:-^^yi^^-^^i)^0iC^/-7~i£.itl-t=i^y 

■7 - m ^ (D ^ y — Rxf y ^ tz a V - m (m n - 4 y /i^r v /i-t s. k 

(NIPAM) s ^^^/U^^^yu— h (MMA) , tert-y'^/UT^V/l-TS.h'R 

V^?'A:^;Ky-r--Cfc9^§5„ 
[ 0 0 3 6 1 

fi^oT, ^^S^T-^^ffl^tb-S^^Ky-^ — »Cf±, •e»J;tfiABAau^ABC 
;;/'n s/i? =>7Ky-^ — AS^^HS., 
[ 0 0 3 7 ] 

^ » <73 -'ni; -e ti 2 S o T T t) i „ 
[ 0 0 3 8 ] 20 

if*L<{4. 77^-=¥i^^jj^y-7-&t//Sfc« = rjKy-v- (j;i3^fSL<«. =• T 

[ 0 0 3 9 ] 

-^^mn-f u y 3sKy -7-14, T = ;ri^^rc{4y t'>-^'7 y-^v^^^/i^fi-a-^-ffifTJi 5 
4^ ^ -t? 5 „ 

[ 0 0 4 0 ] 

=>T7Ky-7-S:l/77V=¥i^^^jKy ^-t4m/^5^/-r-;5^e,«^iic$tLTt i < , = T/-K 
y-7-&tJ«77>':^r^j/7Ky-7-(75#*yJS=<5Ky-7--C-fe-5»-g-, *iiLT loi^A±0^ 

[ 0 0 4 1 ] 

t}4, ^fSL<f4yfvy7v':«7/ua-g-icJ:i5a-g-$tL#-5^/-=i' — Srm-t-, 40 
[ 0 0 4 2 ] 

rai5^u>-7Fiafnj i:{4, (^y:)^M■r^7K^S^^TV^-C'^>J:^^)^:i^^<<:<i:tJlocDM 

[ 0 0 4 3 1 
[ 0 0 4 4 ] 

Ti5'yyU®f:^{4, -|£6<]/£#^S14^JS, T =^ =■ ^ J^-^fz\tm.^T ^ - ^ J^n 50 
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[ 0 0 4 5 ] 

^y=z-7U, 1/ \^ ^ ^ — ;v , r/y-tyvS^t^l, 2, ^ - ^ ^ ^ 1/ Y ^) ir — ?v 

— — -7^/1^ (r(;o^RSSMi-fi;?< h=3f..>cii^y^yi.^t;;3ihdrv/3i^?y — /^;^|S-g• 
S^^5);^)^b^^^^^^#So 10 
[ 0 0 4 6 ] 

r ^ y . « ^ CO N , N - T /l^ ^ ft N , N - T /l^ =^ T ^ 7 o T t> 

T ^ y S 4 ^ ^ T. v^ T t J: o 

[ 0 0 4 7 ] 

«:^^i^TV^TtctV^. Cl_4T/^^/^. t:Kn:3s-'>, />v-fK (-C1. - Br. - 

F. - I) . - CNS.U^-C02H;?)^e>34 3tbTilS^$n^B^»;65T^yyi-^S:i;^/* 
/'::fiy:^^yy^Kc02iiI//*/'cfl3^^|iii{Cfe5 (y^) T^y/V^. ^(7)^. 20 

x/i-s.i>*T^K\ ^ ^ ^) jv^m.. ^ ^ ^ a - i^ u a T ^ V ^l-mRlf S - 

T y y ^ V y^mh'e y t Lx^mx-^^o WELfcem (y ^) T ^ V /i^m<Dm.. 

;?^x/^&t/T^Kfi Ti5^y/^®^IS.-3i>^-7^/u&t/T^KlcgiLT_hi5UfcJ:5tc 
[ 0 0 4 8 ] 

ftfe(0*ffl/j!^/-r-tCfi. Ci_4 0lt^. C3_4 0^^^*fc«C3^4 0J^^S^ 

* yu :^ ®! <D tr ^ tj^ T y yu -7" , tf ^ /i- s t;^ T y /i- -7 K ( x. . }f =^^1^ i^ 

n y K . T y ^ n y K ) . ( M X. . h^' ^ yu t:° y > , T y yu fc" y ) ; t" ^ y > 

^nyK;/j^^;:i:<i:^.lo(D^t&?p^«-^^z:m»§'g^?:^-r2).^<t7K« :^ ^ 

U ^ a-^^y^;:^5^UV. t->^*^ylx;:^^U>^, :/^$'v^^>', V )y , ^ u ^ ^ 30 

f-v?ai>^, -zf u u ^ 1 - -yr :y ^ 2-^y-i^. ^ V zf U ^ p-^^yU 

[ 0 0 4 9 ] 

h(rMc = c(rM (C(O)G) 

GJltKnarv-yi^, -O (M) (rr:T*.MfiTyu:^y^JS-Y;^-^^^Tyu:;t7y±M 40 

vC0*i->r:^^^T*feS).-OR^.-NH2>-NHR^S.t;^-N(RM (R^) (:i 
R^&tJ«R^«^n^*n3!fi3tUT7K^> C ^ ^ ^ m.mi^ \^ < \^^^mT . N 

, N-v^y^yl^T^/:x.^yU, 2-tKtn:3f'v'in^7L-^ 2-yh=3rv^3i^yUS.i;?.2~3ih 
:^v^^^/W;i. ^il^^tt^) ;$l^t3lS^$n^] 

[ 0 0 5 0 ] 

yu^, ^i^^yyP^, :r, ^ ^ ^J ^f^yUT^yi^— :i^^yUTi?^yu— 50 
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, :x.^j\.;^^^\)\y^Y^ n-::^^^/i-p<^^yi-— -ryy^yi/p^^^yu— t- 

2-3i^yW^:3rv^/V^i$^^yu— h.-T^i/yU^iJ^^yu— ;^ 
^yUj::?^yix'— :ii^7l-^i$?^yix'— n->^^yl-:ii^iJ^yix— y ^ 

^ ^ V l^ — h . t-':f^Jl':r.^^]}U--h. 2 - :r. ^ /u :jl ^ ^ ]) u h . 

ntVl-p<i$7i^yix— 2--bKn=^i/^5^/l-T^yi/— 2-bKn:3^v/:/atVi-T 

:^yi^— t:Kn:^v^7'nfcVi-p<^i:7yU'— :^"yiry/i--^/T^yu— h> ^^y-fe 

y/i^^y3i^^yu— i5^yv^v^/^j?<^ij^yix— i/yi/v^yi^T^yi/— r^y 

/VT^K. ;^^^^^y/VT^K. ::i^^^yyWT^K. N-^^/^T^y/i-T5:K. N, N- 
>^ JVT ^ JVT ^ V . N, N-v>;^^/uy^:^yyl/T^K. N-inf^yi/T^y/l.r^ 
N--Yy:7'nfc:VuT^y/uT^H\ N-:/^/i/r:^y/^T^K. N-t->^'5^y^T^ 
y/UT^K. N, N-i:^-n->^^/UT:^y/UT^K. N, N-v^rn^/VT^y/l^T^lK 
. N-:^^^yi-T^y7i-T^K. N-;d-^^-7='-iXyi-T:::'yy^T^K. N, N-v^^i^/UT 
^y/PT^K. N-v^mjii/UT^y/UT^K. N-p<^yi^^^i^y/WT5:K. N--3if^/i/ 
T^t^iJ^yyUT^K. N-Kxiy>'^;^^^y/^T^H\ N, 'N-\y?^=f';i^T^y=^'^/i^T^ 
y/l-T^K. 4^>fl::N, N-v?;^^yU'T^ym^y^ri:^y/l^T^K. N, N-v^;^^/UT 

N, N-v^>?«5=-/^T^y:ii^/UT^yu— N, N — v?^^/l^T^y^^yl-;^^^yix 

yji^/Pp^^^yu-— f.^ 2 — \iYxae^i/aL^jVT^]}u— 2-}iVx2^'y=c^;]y:^ 
^ ^ V l^ — h . 2-"fcKnarv^m5^/V:3i^?^yi^^h^ ^^y-ty^UT^yu— 2-^ 
hari/rc^/l.T:^yi/— 2-7«h=^v':^^7l-7«^>:^yi/— 2-^h=3r>^3c^/l.zc 

^^yu— 2-^h:^v-^^/VTiJ'yu— 2-^N:3fv'^^/l-;'<^^yL/— 

y -7 ji^m. ^ ^ m7i<i^^=i>mRxj^^(D^^:iL>^y'ju^ ^ u v i^m. t > ^ ^ ^om 

> i^T ^) ;v -J ^ ^ j\yT y ^ ^ u K . fc'' j:^ /ix h° n y K >- . \f ^ ^ :/ — ji^ ^ 

^ 7W tr' ^ /I^ m — -7^ yl^ ^ y ^ 71^ t^' >Jr h , 1/ ^ ^ K . ^ t:° y , tr' rz. /U fc" y 

^ ^ T y /i^ . mp^mr V /i^ ^ mm^^ ^ yf =^/ut ji^ =1 —/u ^ yfz^^vio-fvi'y^^j^ 

S o 

[ 0 0 5 1 ] 

Xt-^f^Lv^^y-^ — y^/uT^yi-'— y^/uy^^^j^yu— y^/i^^n^^^^y 
i^— ^^yi^T^yu— ^^^yi^y^j^^yi^— ^^y^^^^^^^yu-— n - rf ^ 
yi-Ti^yu— n-:/^/^y^yyix— n-y^'^^/w^^^yu-— 2~:ii^>'u--- 

^ J\^T ^ ^) \y — Y ^ 2'-:j:.^j)y^^iy/Upi^^])ly— 2 - ^ ^ JV ^ ^ a:. ^ \) 

U-— h.N-:^i5^^/^T^yyUT^K. 2-yb:3{^>^3i^/uri^yu— 2-eKnar 
v-zn^/l^T^yu-h, N, N-v^y^yVT^ym^yVT^yi/'-h. N, N-v^yf^yU 

T^y:n5^/i^p<^^yi/-^^ T^y/i-®?. y^^^^y/v^. N-t-:y5^yuT^yyvT^ 

K. N-sec-:/5^/^TyyyWT^Ks N, N-v^y^^/WT^yyUT^K. N, N-v^ 
>^^/UTi5^yyUT^K. N. N-v^fcKnarv^rc^/lxTiJ^y/UT^K. 2-t:Kn:3fv'rii 
^/VT^yu— 2-tKn:35.v'^^yuy^iJ^yu^f.^^>^v?yU7->5.yu— I.^ 4- 

■yh=^V^;^/^/Kc^/l/:7ir:r:iyl^T:^yix' — ^^^yi/^r^yU^J.^ ^_^y'JJ-f^^^^J^^ 

y^-— V^:^n^:3{^iy/UTiJ7yL/— KT''v//L-T:^yi/— 2-mf^yV^af-^>yl.7- 

^yi^— "^r/^yi^T^yu— ^y:y^/uTi7yi/— a-yh^^yy^^yi-T^ 
yi/— s-yhari/^^atr-yuT^^yu-— y^yuTi^yu-— N-:y^/uri5^y 

yl'-T^^lK. N, N-v?:y^yl/T^y/i-T^K. ^^^/UTi^yu-— yh^^ri/zn^yUT^ 
yu — tKn:3f-v':3if^y^7'>:^yu — >^3^5^U>-i/y3 — yUm^yUT^yu — 
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[ 0 0 5 2 ] 

# $f * L :7 ^ V 4^ y — . t ^ y t ^ K > M x. n , n - t /i^ r 

y/i^T^K (*fSb<tt. N, N->^p<^/ur:^y7VT^K) (DT^y-e — Au^=27Ky-5- — 
-CfeSp njjfy-r-coMt-ft. Ti^^y/uT^KiriojjjlicoiiiSLfciS^c^^&cotr'z^yv^ 

(Mxiff. ftfe(7>Ti5^y/VT^K*fcfiTi5^yu — (^5V^^i^=i4fy-r 

-;iS-^*^x^o fi^oT. :79v:^>^^:^Ky-e-^Dfc«)<^)#{c^f^Lv^^y-r-^J,^*:^f|{c 

f^. T:^y/^T^K. ;^i^^y/^T^K. N-tert-T'^/bT^y/^T^K. N-s 
ec->^^/UT^y/l-T^K. N, N-v^p^^/UTiJ^y/UT^K. N, N->^>^f=:/UTi!^ 
y/l^T5:K. N, N->?fcKn:arv/:3i^7^Ti^y/^r^K. Ti>y>/^®!S.t;^P<^^y/^®^ 10 

N-iyT^l^^Ji-T^/=^i^/UT^Vi^— N, N-v^T7^^yUT^y3i^/l.T^y/^T 
^K. t''::^/l-7|^/l-AT^H\ tert->^^^yUT^yi/— tert->^'^/l-;?^:^i5^y 

rtve^tcps^^^x-f^ :7^>'ds->-^.ify-7-7!)s=3;j<y-v — 

(DfMi'^^'v h ^ c T jv-mt)^^ c ^ ^ s w^mh < n^^^mr ^ ^ N , n- 

T ^ T ^ y T ^ K ^ 1/ N - T 71^ =^ /L- T ^ y yi^ T ^ K ( # , N , N - p< 5^ T 
^y/i-T^ K) ;a^:7^>':3r>'^-7j<y-v — co/h*(7)ftt>if^bv^^y-v^-ST^fct) y "7 
^v^7Ky-r-<D>r:&Sfcttf^;^;is='3Ky-v — <7)t#(c{ip<^/^^i$^^yu 

ffl ^ n 5 o 20 
[ 0 0 5 3 ] 

, 33Ky-r — tt. 2 -D&.± ($fSL<fi. 2o) (7)SaT^J^yi^-h:ii;^7"yKO^ 

>'>5^A=r:^y-7 — -t:^fei9#^^ if^LV^T^yi/-h^;^-7^/vfl y yl- ^ i: C ^ _ 8 m 
mh b< t±5>e^^TyUr2~-yi^COin;;?.7"yl.T^fc^, nT:^Ky — m ^ ^ — <D iX ^ M \^ ^ 

-^v-v^/uT^yi/— 4-:;^h=^v':;^7y^7K^y^:7:3ic:^ywT^yu— :;^5'/i^T^yi^ 
-h. 4-v'T/:/^y^T^yi/— v'^a-x:^C//^T^^yi-'— KT^v^/^Ti^yi^ 

— 2-:x.^/u-^arix/i^r^yi/— h,-^:7'^yuT^yu— h.'-ry:/^/^T^yi-'-^ 

3--7<h^v^:/^yl-r^yu— 3-;^b:3rv^>^at:VL-T^yi/— 7<^/l-T^ 

yi^— h> ^-;e*-<>'^/wT^yu-— y^/i^r^yu— r^^^yvr^yi^— :7 30 

zc^f^^/WTr^yu— ^^neW-T^yu— N-::/^/l'ri^y7l-T^K. N, N-v> 

y /UT ^ V /l-T ^ K. ^5=-/i^T^yu~-h, 7< h^->^^y^T^y i/— t Kn:arv- 
:3Z^yl/T^ y h . :r.^ U > ^) :=i ^ ^ T ^ y U — ^tL^l:! 

PSS$^^/^v^. (Ci _ 3 T/v-naf-i/) Ci _ 6 T /i^T ^ u-h(0.i<y-^ — 

=23jfy-T^75Sj:i90^LV^e #{-^ffSbV^=ir7Ky"^ — { 2 ~ ;^ h =^ ^ T ^ ^} 
l^'-h(7);t?y-r — 4fcfir37Ky-e — Tfc^, ^TKy-^ — fi (2-;^h=3f-v'm^yl.) T^y 
Iz-hirCi _ 6 TyU=3E^/UT^yu-h:x;:^7"yU (0(lXLfJ. t-y^^yl-Ti^yi/— 

=i7Ky-r--efct9#^, 

[ 0 0 5 4 1 

;*:^PJC01||ffi]l^{c:*3V>T. ^^*LV^7Ky-e-J^ABA:7'a:y^5^=I;Ky•v-•C&^). r 40 

^ T A n ^ ?i y ( N , N - ^ ^ /i^ T ^ y T ^: K ) ^ 7t ft ^ y ( N , N - v> ^ ^ 

/^Ti:^yyUT^K-^-p<^/l-;^>iJ^yi/-h)-efe«9. B::^"'u-/^{i7Ky ((2-7<h 
drvxni^'/l.) x>5^yu-b) SfcJlTKy ( (2-p«h:ari/iii^yl.) T>5.yu^l.~r3--t 
ert-:/^y^T^yu— h) "CfoSo A>^n-/iJ^;aS7Ky (N, N-i:^;^^/wr^^y/V'T 
^K~=3-p<^yl^7t>5^^T;i/^h) x^ "0 ^ ^ y "7 if^ ^) ( (2-;^h=3rv^3i^7l.) 

T^yi^-h) -efo<5ABA::/"a:y^zi5Ky'v'-^ A:/n-/^;as.i<y (n, N-v^;^^yix 
Tt^^y/UT^K) T*fe!9. B:7'n:y^;iiS^y ( (2-7<h^>^^5^/^) T:^yi^— h-=i 
-t e r t-:/^7UT^y h) T*feSABA:?"n-/i^=3 7Ky'^ — ;6Sct?)^fSLV^, 

[ 0 0 5 5 ] 

O :y ^ =r y "V - fi, =i T ^ y - t/ / S fc 1 O ± ( * fi . T ) 50 
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tt^o 'f&»$fig^.e5}^y-v-0(c{±, 7Kyryu=^wv^^y=-/w, «5^j;t(i^y^^i^:/i/y 

3 — ^uSfcf4/f?y7°dt°U'i^i/y 3 — /UjiS-g-^tLSo :/n-y;?37Ky-^ — 
#5.-Ky-7-«(4i^7K1±*fc:{4m7K1±-efo'3», i»7ktt», ^7Ktt^^fc{4|E7K'14fi/i* 

14Xt53S7K*t-^^D-r-HH|g|/|#f'paffi<iiM^9 5/0 6 0 7 8-^^n->7Us/ h{C|E«$ 10 

iX T V^ 5 o 

[ 0 0 5 6 ] 

ABA::/pyj^3/Ky-v — 

4^ rA-B-A^ci-yi^riTjfy-^-j d'^^=C<i:t2o(75M''=C'5m5g^^Lao#«« 

1 o^W-r^^y -v-T-fooT, ^-^s*(CgEti-6<]Sfcf4«SiJ^»ICJj<y 

^-;/^!'^T•i^flMg;05|ff^L,-C'biV^) „ ^— :/n-;/^^-Y7°7}fy-v-«5t4^{i2OJii±0^ 
y-r-;SS#^t-r5»-a-tfo^;«5^ ::^^BJ-e{±V>-rm):^n5/:J'=i7Ky-^— il^-f-So 20 
*^»^ife^iHc4oV^T, :$:^0Jco:/n->^'37i<y-r — (i^^-iJ^A^ijfey-v — (7?ioeJl±co 

^tSo J;oT. zKy^ — 0«itf4A-R-A. R-B-R, R-B-A, R-R' -R, 
A-R-B-A^fc(±A-R-B-R-A ( Z. Z X' . R R XI R ' tt^/"^ — AS.U^B. ^ 

, 7>'y.i.:^n2/:J'|4^yD5.i5'3jJfy-r-{c3s|-UTm^*f::f4f--rX(D,^-em*9#5 
, ^o;6^(D^Jgffi.^T'«. •p!Jx.f4'5i^^^A:;^Ds/i>f4yi3 5'^=i^y-^-OK»ro5~8 

os*%^tfefc-5„ f4,o^ig^«-e{4, y > y M. y n y ^ R It It- v:-x y ti y ^ =1 7i< 
^ (^j^fi, 0. i~5(Z5i;c) ^^-r 5Jt^gi?gc;5»^ fc»±^!gcBi^o^aroffi^^=fi--r s 30 

<r> T /i^ ^ V ^ <D m^x ^ :^ y y a y [c M. ^ X m ^£ ?> 1 ^ <r> ^ / -7 — h iis. (D ^ 
/ -7 - A:B)c7?,m;5K<feJiH^^U#5c mm y > -^^ y o -y nmcT) y :f7 /u 

m-^ Rxi ^ (D m. :&-r ^m-<D mm (t^i ^i-£. mf^ v v y h) ^s:i-t#, -^^ 

[ 0 0 5 7 ] 

<D y a y => Tf. V — <o (D \ y u y ^ \ ^ m^j. ±.<Dn. — ^ y <n> ^ 

0i@Jil±. ^1 5fi^±. 0i@iU_h^fci4*^5 0f@ti±T-fei9#5c ^ y ^ y ^ 40 

[ 0 0 5 8 ] 

io(^^jgB^(c*5v>T, 7'n-;/^37Ky-^ — ny \f :y \^xm<r> =^ J 

m m tc-^ m it y o y ( m ^ f4\ 7" u ^jr y 5/ ^ y — ^ ^ « jf? y-r — ) ^^y — 7 
:ij m-^ m \z H m -Ti) t y ^ y =^ V - ±-r (.m ^.a. fi-^ffi-g-i^fi^^ 

^J^^-e^feCSc ^J^*(4 4^y-^ — <75^y-^ — v'^-:^/V'^(75fE-^Sr^LTNMR(CJ; 
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y >( - (SEC) {cj;o-rt>»j;t$n#5c uvi^wco*-^. 5j^y-r-js^H-?-f4#5Ky 

- / ^ y -7 - m ?i -a- 4^ o ^/^ T fiij :s u (t n tf 6. ^£ „ ^m.^fii^%,^\%^-f y 

^ I' o # 5 0 ~ 1 0 0 % . J; fp A {* W (4 6 0 ~ 1^ 9 0 % (7? ^ II T' # 5 » ^^^^ 

y y ^ a i7 (o ^ ^ X am -i^m . mmm^^mm^^^ ^ y ^ <d x o v 

ttl-^S^-^;?: (c < VNfS i:' + :9-tc/J^ $ c: cd * ^ {4 , ;i C 5 y - O 14 # -[4 S 1- 

^J, jItc^J, yiy:^/i'm. ;^ * >- - ^ IE A "t" -5 r t J; 19 = > h n — /u^J S: tf ^ 10 

i-5ri:lcJ;i3MS^-<^K7?'^J^^ >80%) t'^ B !^ ^ fi tz t ^ M-^ <D V 

-e) mm ^ iti-ricmmi-r i> . 

[ 0 0 5 9 ] 

it y ^ y ^ V ~ ^ mmm. (nmr) io. <o m-<m^o sn^fi^i^/-^ 

#-r5r.i:t.a«?L.TV^So :7'ns/<?=i7Ky-^-CD«jttt. (X^|fiItff{^i'9«ij:e$tl.-5 

is$tt#5c y ^ -y =• V -r - <D ^ m ^ ^ m <7) :fj m ic \t . mm&ji^i^ (wi ^.a. y 
>'^/^^-K/y7^y^5/^37Ky-7-<D?i^4^) <om^. m^^^-a ^ ^ v =7 y 

-r - (M;t«. 7i^-=e5Ky-^-<o:T:?£) t^^-^K^, 

[ 0 0 6 0 ] 

= - = :/i/Lfc7Ky^-7^•y^i^(75^!^K^gc^3?xt^J(o|ji:ft/j^*7-fil^I5^iie^ff5^'D^a 

[ 0 0 6 1 I 30 

+ 55•^;lii5V^^^»^:fr•r5:/^5/^3JKy-^ — dS®^^u-<>'i--r*ffi5>Bt-r-5i:, iiS^i: 

LTlo^fc«ffll(7)7Ky-^-A>b^=C^jl«6<]{^S?iJLfc3:i^n Ky-r>;5SJi^^S$tb-5o r 

Mttiiai0~100nm-efc5o ^<Oj:5^£5i>nt@5>Fli{±, X«|^fc 14 

^P>ix?>J; 5l-i£^<TLt:/o5/i>rI^y■^-;^s■g•i^$tl,;fclISal;l/J:-5i:f4PS^/£^^„ L;4^ 
\.fiii^h. 1 0~ 1 0 0 ninMm-COJl«6<jS i5' D«3tO#it{4*^P^tCfie5>^D =i 

n « ig (4 * % (7) m fiK ffi ffi L # 5 =" Ji< y - <^ ^ ^ # T- J4 » 
[ 0 0 6 2 ] 

nfc7"7;^t^7W>'U-^ (terraced f i Im) S:Jgi?g-t-5Cli:J4^^-efc5o ^ 
t^(4. lo^fcf4m<75yn i:»KS.T//*fcf4g *«ffi<!:W'ffi5fee<]tB3L{^ffli^J; :7 
^'yui.*ffi(c^tf'tc5:j?DK>-rvcc)S;ds^-f-5fcfel-S:i'5 (M;t{4, G. Coulo 
n.D.AusserreS-O^T. P. Russell, J. Phys. (Paris) 
. 51, 777 (1980) ;^t/T. P. Russel 1, G. Coulon, V. R 
. DelineS.tFD. C.Miller,Macromolecules, 22, 46 
00-6 (1989) # fig), (v'y=i^5'3./N(?)J;5^iS*ttt£ffi±-C)SMli»iS^ 50 
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iim^(o:7 4juM.m^ ( ^ - ^ - h :y V i ) ic^fe^fSo x7;^*t«3tx)s^C/iV^« 

[ 0 0 6 3 ] 

^ >t -f 5 „ -ft: # 6<3 K SiJ $ n ?) ^ y - r^l a: - 6<] (;i & * U < i,^ ti H ffl 

J; >? y n fl S ftl 6^ t- E $ tt 5 K > >(c SI $ ^ „ ^ n 5/ ^ ti S Ic * ^ S$ -a- L 

[ 0 0 6 4 ] 

v>;^7 7l':&}fe{Cj;5#a5}^y-^— (Tailored polymers by free r 
adical processes)], E. Rizzardob.Macromol. 
Symp. , 143 (1999) (^^^^ V -^M M 3 7 m ^ ^ \C m^T m ^ 
v':/4>v''?i>. (World Polymer Congress, 37th Intern 
ational Symposium on Macromolecules, 1998) 20 
), 291-307. ISSN: 102-1360 :i^^^^7i:^*>'I^M-g-S.U^$lJi^7-:^ 
;<7/l'fi'n"(Atom transfer radical polymerization 
and controlled radical polymerization), Z. 
Zhangfj, Gaofenzi Tongabo, (3) 138—144 (1999 
) ; K. Ma t y j a z ews k i. \ ^UUm / V \f ^ y ;^ n ^ miSt.Xl)A:^ 

(Classification and comparison of various 
controlled/" living" radical polymerizati 
ons) J , 1999^8.^22~260!::=3. — :^-i;>'XT'W«$tLfc218[HlACS 
Hl^^^(218th ACS National Meet ins,) <r>i'Pm. Poly- 
042{CflES§iXTV'>5c 30 

[ 0 0 6 5 ] 

HIiJtLT, =■ V Y y V' jvunm.^^^y t) J}^m.^^m (ARRP) . -Bjiseft 

1i\^m )^ itmm.^Wi (RAFT) S-t/ftt^Kil^^Ki (VVT) (D i: 0 f£ {iiM <r> ryf^-^-j 
y ]) - y -fj m-^:}! m -t ^ :l t -(^ ^ ^ o <r> •:f X2 -y i; =1 -7 - <n> fz }i) <D 

0 * L M -a- btt=hn:^i^KjK^:fy^-CfcSo -T ^£ t> . +^5-|cM;S$nfcABA 

^ns/i^=.#y^-^$i3t-f-5fc!6lct-y^- = hDar>>KM^^^J^^fflL#5. 
H2;^7^-y7°^#tfo lgi;=^7"-;/:/TM±. M^$tufc:«$^*-r-5='T:!Ky-r-Sr='r7jf 

y -7 -m^-^^ i: if :^ - ~ hn:^>'KM^^JSrfflV^Ty K'V^^fi-a--t--5ri:^-^tfo :i 

<^^i^^-;/-^75s^TLfcfe, =^ T V -7 - ^m-^ic X 'o mm-r ^ A^-^ fznmm'^-ri^m. 40 

ffl-r^o M2;^x5'7°{i, 1^ — i^yfc->-irm-a-:^)£Srfflv^TiotL<tta^<7?77:/^ 

h:/^^^' - (Gpc) . i>!MR&xf^&m^\zi:'oiEmiz^~^-^jrim^o iis^m* 

[ 0 0 6 6 ] 

*%0^T'^ffi$tuS4^y-r-^Siig-t--5^iC'^fflr'5(^lCjgLfcy :y y y ^) -y 'yti )V 
^^■)5^\^\i.. m^\t~ ba:^r->K^Kin':&»l-BILTf4Hawk e r y , ry tf^-^^y 
— 7 i?:*/ua;'a-<D;t 4e)W:S't6T /I' = ^->T5i^OM^ (Development of a 
Universal Alkoxyamine for ' Living' Free Ra 
dical Polymerizations)], J. Am. Chem. Soc.,1 50 
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21 (16) , 3904-3920 (1999) {CfSffeSttTVS;^?*. jteU^ICV^-rtbt, 
Sffllcj; 93|s:M^«*(c-g-StL5 t-r?> 2 0 0 0^3^ 8 0fflifi(73*H#fFajS^O 9/5 
2 0, 5 8 3€-flJ^IB*5.t/^;t::<75|18^#fFl±Jffil|PCT/US 0 0/0 6 1 7 6#BJ<ffl# 

[ 0 0 6 7 ] 

-&*n?)o ?1.^HAM6*)(CH**J 80-^1 SO'C, J;'9$f*U<fi*^9 5~^130 

r>'P=r>'K)j; 5 ^i^st£#HM;i5i>fs Lv^„ # y -r - <7> ^ ^ m it mm y y - 7v?:*/t'fi-a' 

, ^y-7->Pi-M*6^J<73tt:«*^2 0 0~*^8 0 0 T-fc2)„ -hn:3f->K^v?:*-'l'^J^*-^;^ 

^ TMi . > h - /uMnmi^M(o ktam 1 1 0 ^ /u%<Dmmx' h ^ n . r » $g is 

S-mf^mam 0 . 5~*«J72^W. »*L<f4JKJl~*?)24^m. it)»*L<«*?j2~ 
1 2 B# ftlo ® H T- & ►) # 5 o 
[ 0 0 6 8 ] 

^^BJ-C^ffl^tL^Jt^y^-Sry t^i^^^"7y-7v?;<7yu:5&&{iij; ^JMit-rsrir^S^ifS L 
[ 0 0 6 9 ] 

■^^m<Dm.f&<^ 20 

>;^^y-i/. tc^tJ?f5Sih^J. -^X;<7^^^-g-*?)fc#ai5'^^(^^p"alc*fi:^ 
^L<«kh*g?r^^'-ryv^^-r-5l^li'ffiffl$n. laj^g^i^^^coS^a^L. y ^jv%: 
[ 0 0 7 0 ] 

^^\^<\±. :^^m(Dm.f^^\^0 . 0 1~3 0M»%. J;i9if*L<{4 0. 1~10M» 

% . M 1- » ^ L < n 0 . 1 ~ 5 m » % <^ y - ^ tf o * ^ 0^ o a J* #) s » -a- i "9 30 

7U^^7^^^Sfcf±/-«7z..-.^NS.t;f/*fc:f4loiJi±«^)TI5-r5«i&iIA0J?g5>^-^^W-5 
[ 0 0 7 1 ] 

[ 0 0 7 2 ] 

oi!riaffl^*:«m^S#)<^*50. 5~J^9 9. 5M*%,»*L<H*55. 0~i^9 9. 5 M 
»%. i•3^9F^L<^4*^J10. 0~«59 8. 0M*%<0*-ei?ffii-5o 40 

s»ciiffl-t-5o{cjsLfcj tfi, ui^i'^ ^m<r) mmi,^ ^ - ^ <o ms^^^ Rit-t 

[ 0 0 7 3 ] 

. ^ ti ^ m s, M: & m m -t i> m m m ^ ^ 4 im^i-£. -^t t^zt ^ i. — 

, h = y ^ * fc H 31 yu) A^-S fc«ffiffl«j5feV^dfE-r 7° ( M ;t « . v-^i'T'-. = :^ 5^ 
[ 0 0 7 4 ] 50 
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[ 0 0 7 5 ] 

/U-^TX7°U— (A->^C7?*-B-) *fc(±|ffl;!)>V>l^K^ (:i:T^/-/t---T;^ 

<O^SJ{C(l, hy^nn:7.'U:^np«^>, o a y /l^ :t o ;^ , i/ V )V ar u ^ , 

^ jv - ^ n-:/^'>'4fcfi-ry::^i5'V©i5'ii^SI^5-S-4tv^„ {£ 

ite a Sr * ;t- S h = ^ * ;t T ;^ u - i!i p"p « f L -ft SiJ t ffi ffl U # S „ $f il f L {t: 

«)M-^^^J^SnSc ?L'fk^JSrffiffli-54&-^{c^4?L-^b^J^M^#)<^5^«4^cfi':3V^Ti^^J0 
Hg-c$>5;S5, ii^i^ — ^ia;*i^»^-g-['(4^fi»i^S'5v>T|^]3~*ti3 0Si%, =^t :/ 

[ 0 0 7 6 ] 
[ 0 0 7 7 ] 

~ 1 0 S » % © » T' « 3t -ft * 14 *A ^ tf „ 
[ 0 0 7 8 ] 

ffi f*: J4 /a: «E IS IS Sr i: t) # 5 <. ^Jx«, ^K^J^M, 7K4'«4'*S-^->y=i- 

ai-r/Pv-a^-fi, M;t{4**5l00~*«]200, OOOcpsCOi^^^ejEfSffli^JteS^r^fi'L 
#5o MI5 3i-r/l.-> 3 Vf4* ;t , V7°5C^:§§Sfcf41Rffl(Diit*f^J^fflV^5Apm^^ 
T:/-/p^^^ffiv>Tm<^J1^^-C-7"y^<y - $tL#5» SuiEfi#:f4-6.-;^(^?KliT-txy 

y - S n » 5 o <0 a 'fc ffi a (C fi , ?fi , 7- r:, _ y — ( M XL (4 . ?S 

flc^ift. 7K^¥1f Jg^jJ^ffi (0!I;t{^, t Kn -T/W3-/u^^^) , M 12 IS * tK » * 
^ It 3te (0iJx.ff, "^^faiSJ^^ I7 5'i5';^, jKy-r-. IS^SrSSJP UTSft: 

[ 0 0 7 9 ] 

ii ;tig jjic 

'-.T;^^-ry>-^'7Ky-^ — ri7)'--Tx^^y:/^.-j^y^ — ^^^r-fo^). 

y-=i'-Sr;&^;d-:/'(4. T = ;^>"t4. i5l14*fctty:^;^:^'|±i:-t-'5gi5^^^-^tf#<cD^y-7 

-;dsmsR^nTv^-5o mi5^y-7-f4-a-^i^T'fc3c^#j-ct><tv^, 

[ 0 0 8 0 ] 

7Ky-7-(Dl:i4Mji!g^co^X»|ca-:3l^-r0. 5~10m*%. $f4L<tt0. 7 5~6 

a 4 % «s IS T' I? # s , 
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[ 0 0 8 1 ] 

^ ^ 1 - 4 CO ta ?P T =3 — ( M . ^ y - ^ :^ y - 7U ) "C 5 0 % ^ X 

/i^. T^y/i^^t-:/^/!^. ;^^^y/i-®^t-:/^/^. y>5^^yyi^^n->^'^/i-. T^y 
/l^m n ~ ^ ^ /ly . T :^ ]) Ji^m n ~ :t ^ ^ /l- . ;^^^yy^®^^^y/l--^Ti5^y/^®^-<-^^ 
/K^J:5^«^Ti5^y/i-®^*fcl^;^i^i5^ y/v^i: loj|^±(Oj^*^l— 2 260ia?PTyU=i — ^l^ 
; ?^ ^ ^ y/i^S^b Kadj-v':/at:''yW-^T^ y/^^fc Kn:^>>zn^/K7)J: 5^^T 
^ y /V ^ f:i fl 7< ^ ^ y /l^ M i: ^ * ^ 1 --6 (D V :n — 71/ in ;^ 7- /l^ ; v?. ^ U V ; }f =• /i^ 

:tj v:! y ^ ^ ; S^^i^^::^/!/ ; y^i-T^ K ; ^ ^ ^ V Ji- T ^ K> t-:/^/i-T^ y/i- 

* y — 

5 o 20 
[ 0 0 8 2 ] 

tulE^y-^-fi. ^ji-i^ u :y(D i: 0 fii^ y y h<tvy ^ — :y ^ ^ o 

[ 0 0 8 3 ] 

$fa/c^T^:rvt±--T::^:^-f yv-^/J^y-r — tD^^Mtl. Na t i-ona 1 S r a r c 
h;^^?5A^^tg?^^RESYN 2 8- 2 9 30 (^efcT^^y^/^nh^/^/jt- 

:^T';^>'®^fc'=^/U=t>}^y-^-) > BASF;6-e>A^^|g?^^ULTRAHOLD (^^ffiS 
) 8 (CTFA^ T^yu— b/Ti5^y/UT^K=i/Ky-^ — ) . ISP Corpor 
a t i on;6^6)A#'5Itg;tCGANTREZ ESv^y-X (p^^yUtfcn/Urn- 

■r/v/^7K'vu-f^^^oo^;^7^/i'^t;:3 7Ky-^ — ) -efe'So 

[ 0 0 8 4 ] 30 

ffi<:o»3i^^T::^::^->^1±--T::^^^-r y ^-i/TKy ■^-{c«;^/P;}f:3f-v'/U'>f(::/Ky u^>';dS-g-^ 
ti 5 o ;^ =^ V/ /I- >fk ?K y ^7 1/ ttf |g fl V >- h 7^ K n 

/U^/l-la35>Sr-&tp:3i>^7^/>£T*foi9»5c v-ZU^k^K y ^ ^-^fflgtt. CTFA 

T P V P / y io ^ ?v -ffs ^) y — /u- in ;^ -r- /I/ i: # $ 5 ^ y tf ^ yi^ o y K i 

7Ky'?i/^>i:co=f4<y-^-T-fo^9#5o $fii^c^;^/i-^^=¥v^/i-{t;^y5'i-'^^/«^gfig^ 'J+l 
#fTmjH^W^06 19111-§-P^^fl#2SLt/3j^B#fP^5, 0 0 0, 9 5 5*5^lH»(c:t£ 
ife^^^rV^5o m<0$fiS/^3K7k145^^ y U'^' >^tt3i^ll#fF^ 3 , 8 2 2, 2 3 8 # # 

. mm 4 , 156, o66-^0^#>ffl». mm 4 , ise, o e ? -^m^am. mm 4 , 255 40 
, 5 5o^mm9Rumm4, 743. 673-^?^ffl»tcjs«$tbTv^5, 

[ 0 0 8 5 ] 

;^^-fy:/:/#y-^-ti*^0^-e{£fflr^ri:;5^T-#5, f^tt--T;^>5'^y>'^'7}fy-^- 

<7)lo0^i$: 0(1 fi. National Starch and Chemical Co 
rporation;5^fe»flg^§ixTV>5Amphomer (:^i^^/VT^y 

/^T^K/ZiJ^yu-— h/:/^>'UT^y3i^/up<i^:5^yu— h=i7}^y-x- — ) -cfeSo 

[ 0 0 8 6 ] 

y :t >^^T 1^ V > 1^ ^ V — (D m ^ N ~ }f :=^jl' a ]J (D7ts^ ^ V ^ —RU 50 
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^MSP Corpora t i on;6^t)TtT|g^^XTV^2), ^ <D M M l± . PVP K-9 
0(7)^?i^T'|g^§nTV^S¥^*&55'^»:dS*:)6 3 0. 0 0 O^^^N-fc^n/i^fn y K>^07}^^ 
^Ky-^-Sl/^PVP K-120O^«^T*Sg5c$*x-CV>55p:feg^^S;^s^l, 000, 0 
0 0 (7) N - tf u y K V CO -^t y — T fc 5 p 

[ 0 0 8 7 ] 

, <D * ^(1 . 0: #1 #|^ffiJS^M^O 2 4 0 3 5 O-^0^»B»tc|E®$tvTV>^J;5^c^ 

siwi^y =i->'3Ky-r-^^utHi^#rFaiii<2;^wm9 6/3 1 1 s 8-^^^'v:7^'y h(-fE« 10 

[ 0 0 8 8 ] 

:^ >^^T ^ 4 ]) ^ :^ \) — (Dmn. T^y'S^i^T^Vl^— h^y-^— (Mx. 

. v^y^/l-T^7^^7U;^^^yu-h) tnm'\±^y^- (m . N-t'^^/i^t-ny 

)V y ^ ^ y I/ — :x:.^ jVT ^ y U — h-^n-:7'^-/WT^ y u — hoi 

T^yi^-h) i:(D=r7Ky-^--efe5o 

[ 0 0 8 9 ] 

$fjS^ce;^^:^Vtt4<y-r — ISP Corpora ti on ;e>^e>Copol 20 

ymer 845. Copolymer 937S.IJ^Copolymer 958i:LT 
A#"'^tg?tN-t^'^yufc''ny Y h i> :^ "J- T X J :^ ^ jV :^ ^ ^ ^} u-hi:(7)37Ky-^ — 
; ISP Corporat ion;6^jbStyleze (S^S5«) CC10i:UTA^ 
fg N - t^^ c:^ CI y K > t ^ /l^ T ^ y >^ n hVi- T ^ y yi^ T ^ Y t.fz.\t ^ ^ ^ ^) )V 

T ^ Ki:(7)=37j<y-r — ; N-t:'^c:^yi-t:"ny Kvirv^y^yi^T^y^^/i-y^^ y i/— hi: 
<^=2jKy-v — ; tf::^/V;^7'n5iJ^^ixi:N-tf^/Pfc''ny K^-irv^y^/^T^y^^/i-y 
^^i5^yi/— hirCD^^Ky-v— ;Polyquaternium— 4 (ixTy/Uv^^^*?-^ 
iJ^ny Kirfc Kn:3?^v'zc^/i/-fe:yun— ;^i:<^=:r^y-v — ) ; I SP;6^?3Ga f qu a t ( 
734. 755^i;^755Ni:LT.BASF;6^?3Luviquat (S^ffi 
PQl 1 i:LTA^"5Jtg/^ (t:^^^yi-b°ny K^-iri^yf^/UT^/^^^^uy^iJ^ y 30 
htOriTj^y-r— SragEv^^^/l-tSJtSitTJF^^^tL^) Po 1 yqua t e r n i u 
m-ll ;BASF;6^tLuviquat (S^^^) FC 370, FC 550. F 
C 905^i;^HM-552i:LTA^'5Ttg/^ (p<^/^tf'^/U^5:>5^y'y«^7i^^^y Kir 
t^'^^'l^t'ciy Y t> hJ^ilSL^ t^^) Po 1 yqua t e rn i um-1 6 ; BASF:i5i^b 
Luv i qua t Ho 1 dirLTA^pTfg^t )V ti ^ u =7 ^ 9 J^^'SlX^^ yf 

^y^ufc-ny K>'Srp<^>'Hfr^y^>r^^:/y'>i^;;^ N:^>^v:73i-h^rSj$;$itT$iit$tL5 

) Polyquaternium— 46"T?fe5o 
[ 0 0 9 0 ] 

$f3i>i^^S3fe607j^y-y' — <7)0!|{Cti. -fer^ryi^. T/U^^> — if^^^/, ir 

mercholKKytamer (S®^^)^t;?NationaI Starch^A 
maze ;^iS-^Stv5o 
[ 0 0 9 1 ] 

(a^#ffttlffi4:^MIl9 3/0 3 7 0 Z ^ ^< 1^ ^7 \^ v ^^3:|a«$^^TV^5-f::^-:/^435Ky-7 — 
. BI^#rFajM^M»9 3/2 3 4 4 6-^^<>-:7l/:y ^^::|B®$fLTV^^7Jfy i/ ^ :y 
^ "7 y h^b^^y-^-. ffl^#fFffiffi<2>M^9 5/0 0 l o % U y hXt/(I|^9 5 

/3 2 7 0 ^ ^<ly -7 \^ V htCfS^^ixTi/^'Sv'y ::i->^-g'^>ify;^/l^4<'>-^r:i7Ky-v^ — 
. ia^#fFttllP<2^MII 95/01 383-^ ^^>:7U-/h, (Wl^95/06078#y^:/>^ 
^ V 1^119 5/0 6 0 7 9^^'^>>^U-/ hS.t/p]^9 5/0 1 3 84-^/^">:7U-/ h 

lc|s«t^i^TV^s^pIM^±^5;< l>-e — n.ify-^-, HBg#fFtt5JPii^Mm9 5/0 4 5 1 50 
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S-f-^-SV^U-y hSL*fc«[^^9 5/0 5 8 0 0 ^ ^< 7 U y h [C^S.^ $ tl X ?) V 3 

-^^77 h itmm^- V -7 - . mm'^niam^Jimm 9 6/2 1 4 1 7 ^-y<>'y u h\cm 

^^ttTV^-5->y a ^ y 7 h =^ V — . lll^#f^tlil®<2>Mm9 6/3 2 9 

1 8 ^■^<l^y U hCOv^y =1 — v-^^n-^ — , HI^#fFttSra^M^9 8/4 8 7 7 0 -^r ^< 

>' y U y h . m% 9 S / A B 7 7 1 ^ ■>< y \y y V . [lM98/48772-§->'<>'7U's/ 
hSfc:(4l^||9 8/4 8 7 7 6#^-«i^:7Us, h<^^«f^y-^-, HI^#fFW]il^M^9 8 

/5 1 2 6 l-^^N°>-7Us/ ^(;l|B«^i^TV^5^/^7 h=i:^y-7-S.t;«lll^i|#tfffilR^M 

^9 8/5 1 7 5 5 ^■'<>'y U y hic:|a^$tiTV>5^77 h'ft: = /-}^y-v-t;$:B?^<7?*a 

[ 0 0 9 2 ] 10 

±IELfc#y tWTMl. ^^'l±/5>tlctt^i^*'5fc*(c^fic0^14£^^?Pt- 

^ -SL-m ^ m ^ i)^ h ^ o fi'¥^M<Dm\^\±. 2-Tsy-2-p<^yu-i, 3-y 

i3/<:^v?:t — /l^ (AMPD) . 2-T5;/-2-3i^/U-l, 3-7°t3x-?Vv»::*- — (A 
EPD) , 2-T5y-2-;^f^yU-l-:7'ny?y — (AMP) . 2-T5y-l-:/ 
^y — /l'(AB) , ^y^^y — yPT5>- (MEA) , — yL-T^V (DEA) , 

hjij^^y — ;UT5;V (TEA) , ■^ey-ryT'n/-?/ — /UT5^^ (MI PA) , v'-YyT" 
n-'>y — yUTS^ (DIPA) , hU^yT'a^-^y — >'UT$>' (TIPA) 'Si.V- ^ "f- 

y Xl^ (DMS) ;SS-^*ix5, 5i^ffl#t^ll4, 8 74. 6 O4#0J^»|cfS^$n 

roS:l4ik«a^i^<o*«]0. 0 0 1 1 ofi:fi:%(D^SiH-efo5o 
[ 0 0 9 3 1 

Bttftihfc^J. M^{i2-3if^yu-.dri/yUp-^hdr->->:/-:J-y-h^ 2 - :x.^ jv^^ 
jvn , N-v?y5^/U-p-T5y-<>/^— p-T5y^A#@?, 2-73L^>'U'<>' 

v'-f^^^y — /^-5-X/^7}^>'gg, ::j-^'hi!'y^>', :^#'>-<>'yi^, /-j^*^>-^/^■^^l; 

::r^'5^>'Uf-y5^U-— 4. 4" hdf->'-t-r^5=->'Wv'^>>'^>'V';^^'> 

. 4--i'y7°ntvuv?'<:/y'^/wy^v> 3 — s>'v=y7'>':*>'7r— . 3 - (4-y^ 
; 30 

:3 — /U — /L' ^ ; 

-.T^vr^^v-H^^^^J. «R|x.{4';K{li7k^. ->y3->-7./u-l'KS.t/;*;5=-:^i/'l4#jWo 

Wta>K{k7K*«ii:^T't^>S^T-'bi<. 0-^1 ee. $f^L<(4*^]i 2-^1 6 
^(nm.mw=f-^'^^'^^ o n^ni9i\'ti!f^nnm\t'f iJ . Y¥ . V y flo :y , hy 

0il (± , ^ ft /c fi ^ t»t y -i^ ;^ ^ /l^ D dr if >- ^ 7 a: = 25. T /l- =3r /l^ 7 31 - y =i 

S.tPixy=3-v=jKy;d-->'L';4S-^*ti.#-5„ i^^m X ^ m ^ ^ > ^ iy 

^LV>»(±Mi5ici|^<^^M*(cS<5v>T)i^]l 0~i^S^)3 0M»%. $f*L<{±l 2~*^]2 5fi 

-^T ^y ^ iyy-^xi=' ^y B ^-m-fta^mij ;\^-!fiiym.Tf- -m^m. tuf2$s^«/-Ky 

:^7- ji't^h^m-^irx^i) iojjt±(^^-y^-Sr-t-^, 5gffi^Jf±2<@jjiJiro;^^-^^-arg 
?fii«M{4. *>'U7K-7-, Ti?y u-h/Ci 0 - 3 0 T/w^/ur^'yu— h$ii^f>j^y-7 — 
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Xm 0 . 0 2 5~*?]1M»%, X 'O < \im 0 . 0 5~*«J0. 7 5 m.A%. ^^it(J--£ 

> if ]) =1 — 2 0 y \f if >^ ^ y 9 ^ u — h (jKyy/i'^— b20) , TKy^^i^u^'^y 

3 — -'U5:*CS>^r-n — yv, Steareth— 20, Ceteareth— 20, PPG 
-27<^/U^''yl'3— ;^:3i — ■7^/l'V=;^7^TV'— h, Ceteh-lO, /Kyy/U-^— h80 

in— jKyy/i--<— h6o, i/y-fey/pxT'Tu— peg-ioo>^^ti/— hs. 

^ )il -g- ^ -g- S *L ^ , ?L (i ¥ 3fi T' , ^ tz n 2 -o :a ± m t L T ^ "T 

«3,*a^i^ro^fifi{-S-^V^T*^lO. l~3^10a:*%, J;»)iffSb<f4i^l~*>)7M» 10 

% , * t » ^ L < (S 1^3 1 ~ «^ 5 M » % ^ # 6 ; 

:*7^;^>'tt5j?y-r — , 'P!|;t}iRhone-Pou 1 enc*>e>J a gua r (S^FS«) 

->y— LTA#«Itg/<e^T—t Knar->7°at°>'Uhy^^'J'A^'ay K-^t Ko:arv' 
-fu\;j\^^T— \i Kndrv'T'nfyuhy^-^'.ZxiJ'ny K(OJ;5'!e;0'?-:^>"l4^*'T — ;^/i>. 

* ti. 5) o 20 
[ 0 0 9 4 ] 

[ 0 0 9 5 1 

[ 0 0 9 6 1 

( ^ M ) 

7Ky-v-(D-g-^Ri;;#'i4j*Sf±Tfso-^«i;^&ictjeoTiiMu/co 30 

[ 0 0 9 7 1 

3^^0J(73='/i<y-^-ro^i5g^TIE^m0^l4 6^#MLTmBJ-f-So ^^l^^mf^J^JKy-r 

[ 0 0 9 8 1 

1 . If^ - MM^J 
[ 0 0 9 9 1 

[<t: 1 1 




40 



[0100] 
2 . 

[0101] 
[ 2 1 
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[0102] 

3. '^m-^ 'ci -y (B y V2 y i^) ffi^y-r- 
10 10 3] 
lit 3] 




2- y h^'>I.=f-}\,7{7 y ly— h (MEA) 



[0104] 

4. ^SS^n-;/^ (A^ns/iJ') ^^y^- 
^^/U^:?^!;!^— h (MMA) 

[0105] 

[^b 4 ] 




1I,N- y y ^F•;^T^7 «J 5 K (DMA) 



[0106] 

5. tt'P^yn-;/:}' (B:/d5/^') (7)$Sit 

r/W^'^^Ts 200mlSi(D77:^='{Ci3V>TK';:=^MM^J(0. 5557g, 0. 6 1 
4 7 V ^ , MEA (40. OOg, 307. 365!)^ yu) S.U^i^gt^hndfv'K 

(2. 70mg, 0. 01235y*/U) ^ M ^ L. . M I. < mW t!}^ h 1 2 5 X: X' 5 ^ 30 

1^ JP ^ L ;t « . SP L o ' H - N M R J; •? S'J ^ L m ^ f± 7 7 % T- fc o , 

Rlt^m^ii^^Tir h > (6 0ml) icmML- . ^ ^ ^ (6 0 0ml) 4^lCjtm$-tirfc = 
*Jy^-^**, Jt^T45t:T-^)!tLT. (30. 08g) 

[0107] 

6. hyy^os/^^jKyN'- (ABA) (DMiM. 

if u — :f -y ^ :x T Jl^ > T \c is X 'p m ^ r:^ iy V — (2 8. 8 8 g) . v^^y 
(28. 38g) BLTJmm - h ti ^ h' (5. 40mg) ^^g-a-LT. ■^iJ'nH^^J^ 
^ JF^ ^ L fc o n — :/ 5, X 4j T /-U 3" > T *3 V> T 1 5 m 1 ^ 1: 7 7 ;^ =3 *J V T 
^^'nMM^J^^e? (2. OOg) , DMA (l. 198ml) SO^MMA (0. 821m 

1 ) «r)i-^L. Ltz, mmi:mi^Lf£r^ ^ i 2 5 x: x a m tc m . mus-ic-z^m 40 

bfc, ?S-a-i!^5rT-fe-hV (lOml) l^mML- . ^=3r1^i/ (30ml) $-*^o<i3?g5jDL 

T — LT. efeSf*: (1. 88g) (mfe^^46ro=t5Ky-r — ) 
[0108] 

±tim-^:)jW:A^ h . iw^^ A y y ^7 i:B:/n y i^ (D m ^ & L- ^ h :l t (imm^i^ 

/-Ky-r-tt^i:x.A-B-A. A-R-A4?(7)J;9/£^^^fflLTt>^a5'i5'37Ky^- 
<^ ^ « A- b ^ n 5 i: « $ n Tfe V^ „ 
[0109] 50 
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7s 9 ^ V >'^5j<y-r-icj; t) h tch ^ n ii^w ^ ^ <D m m t UT. ^tc^^ ^ ^ V > i/ ^ 

5t^^5J®IIJ^-«-r5V■>TV^•5„ rtLfi. Diastron (^HT^'K — — (CfilTiS) 
[Olio] 

(iiB) 

Se r i e s MTTWi n => >' h — y 7 i-^'aiT(Cj;i9=i:^hn — yU^HSLa c 
que r^iiS|-lH]te7 5'^'5rSl'3^ttfcDi a s t ron^v^yueOO (^|ST>'K — — 
fCglTi5E(^Diastron LtdJ;t)^^)o 

[ 0 1 1 1 1 

( ^ (B ) 

a ) ^ggS*tWf^fife 

(^H-l^-V-K^^-;^ ^tcM?S<Z>Hu g o Ro y e rA>fctt^^ixfe) m^RXfm^bmU 
6 0~8 0 $iJ'n>(0;^-^>f'i^A*^Sr*-r^-7^/l'4>ICl^lS«tfcTil5fe#-t-5o iifeV^ 
-C, S^^v'^i/T"— (16% SLES2EO)T??5fei^L, 25'C/50% RHCO^# 

[0112] 

5 5% 7k/4 5% y - m ^ ^ ^ \) > if - ts 3 %m 

[0113] 

c) Di a s t ron^Vhn — /wy'7h^?3iT>'->7;^— — 

MTTWin3:^bn — 4. (Lacquer Testing Routine) 

Wxl-m {.%) =10 0 
(min/55-) = 1 0 

*:^ffi(gmf) =200 

y-v?J£ (gmf) = 2 

fP^mS^t W =20 

mte^yiffSS =25«JiSF, 

1-e;^^'— h (Analys i s Breaktfeffl=5) „ 
[0114] 

d ) -T" D b =2 /U 

1. a-v'Tyr^yu-KS^JIflJ (^X«, Cyanol i t (KS) ) ^ffiV^Tll 

2. ««LfcT/l'5 = '?A:/c3yi^SrLa c que r V^VrWlU ^ y ^ }h (D :^ y hfciH 

3. D i a s t r on^tA.^^«^t/««7'^s/i^^ffl^^T, tt«:7-D->i5'(CJ;i9«iJ^ 
L-C3 0mm<OPg|iiT?2 53|5:<^^«K^(0#5|c«{c|^^:73./U-/l'^5tf9f+»t-5 = 

4. (t ^ag^J|s^;SS tea 5 i 5{-MIEI4i^Sr«eLfc^^gSifi^«|»rLTK< 

o 

5fe ^ T' l!i fij JJ ffl V> T ^ Bf -5 o 

6. (SGE International Pty Ltd. ;5>P>W^$iXfc) 1-^ 

^^ci y 2/i5'-}i#t§§^ffli>T. K:^;^i?-r y ^ -r — (o 3 %m w-^m 1 -< ^ ^ y 
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[0115] 

e) — <dWl y) ^\,^ 

k°-^#a.^-?-tt^:*tt(^|*i^T'|E»L. 0^7 ic <3 X ^ ^ M m m M m 
[0116] 

i^-rXg^^i^n-rh^77^' — (SEC) ilt'ttStSH. N. N-v?^^>'WJ}>/l'AT5K ( 10 

DMF) ^T'^iSL. V :^ 'f- >mm ^ m\^^x nr-^mm^ m\'^xntii-r ^ o 

-W^^-^Sftiei, 7Q0g/ml(C±#LTV^-5 (jKy;^^u>':^2p(e:^L-C)„ 
[0117] 

hy>^n5'^=jKy-v-{lCDCl 3 H-NMR(Cj:oTt>#1±^;t$ix#-5= M^jJ 

^ y o y ^ ^ ^ (D is m (b liC m ib h ^ ^t\,Ci>(r>is-^iihV-:fo-y^=':^V-^ — (D 
»*$nfcit:^«3ti:— i5cLTV^-5„ I>yp''n2/:i'=.7}fy-v-<?)m;5g MEA/ 20 

[0118] 

02 mtLXDMA-MEA-DMA<Dh\)ytiy-^zi:i^])^— ( :^ ^ m M M-t ^ 
. ^^^M t n M ^£ ^ ) f-oV^TcOiS^Oftti^v'^^^ (c omp 1 e x r h e o 1 o 

gical modulus) G * (o m n (G' ) f&^Rx^mm (G" ) f&6^^m&m ( 

co) (Dm^ t l^X m-To ^^i^y ^ y ^ 1 2 . 000-5 2. 000-1 2, 0 

0 0 g/^/l'-CDMA-^i^iSa 8^/l^%(ODMA-MEA-DMA = 5Ky-r — (Dt^:iiS^Sr l 
20'CT-ii:^l 2mm, ff^O. 8mmC020(^-r'^';^i5'ir^£ff^Lfc„ -H^COt'-i'^'.^ 
^Rheometric Scientific DMTA-IVKl6<]:^«6<]f^6*)T-:f-^ 

if-O A?155!( Wf- V K-r -y tt * 4- s 120^-e5^>WT--yv^^b 30 

TA^bai^ufc, ay;£ni%rot>-r^ii'i-ei2oict?*jfebfco ^m&mxi-i. jt^^a^ 

<r>^mM£kTXtt^ si^^jKy-v'-T-^WLfcG' (a))~ai"^,G'' (co)~a)"'^ 

^ - t » ,Bs w , G ' i co) RxfG" ( CO ) \ti^\i w ~ ° ■ ^ ^ X h ^ o m 2 (D'^ma 
^"f-mM^ (Dm % t mm-r ^ X $y ^ 0 m 0 . sHz-rm^^tb-So rc7)^2o^^{4ss 
j^^/jfy'v — -t?(±a6>njfcv^o rcD;;!.-^^ h <D ± Wi <D ^ n , mucomf&^^-t^i&(oy 

a-y^zj^D-^ — ■V^^^^^itii(DtmX\,^i) (Zhao, J. , Majumdar. 

B. , Schulz, M. F. , Bates, F. S. , Almdal, K. . Mort 40 

ensen, K. , Hajduk, D. A. , Gruner, S. M. , Macromo 

leules, 29, 1204-1215 (1996) ;Schulz,M. F. , Kh 
andpur, A. K. , Bates, F. S. , Almdal, K. , Mortens 
en, K. , Hajduk, D. A. , Gruner, S. M. , Molecules, 
29, 2857-2867 (1996) )„ 

[01 1 9 1 

|1I3«, {t^6<)?^CDMA-MEA-tert-:/^yl'T^yU'— h (tBA) (D h I) m 
y =' ]) ~ l,Z-o\,^X <D 1 0 H z <om^^. 0. l%<OX>-r'^^RXf2. 5 °C ^ <D M 

^j£ST'OlS*ia^2|s:-=tv?3.^;^ (complex solid modulus) E*(7)[^ 

(E' ) f^^^R-am^ (e" ) i^^'tmm(ommti,xfji-r. ^^^i^y o y ^^mt^ 50 
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14, 000-46, 000-14, OOOg/^yl^T-fc^. DMA-g-S;&5 45^/^%-e 
h ^ . ft»ra:/n-/>5^qncDtBA^*;6^10^/U%-efc5DMA- (MEA-co-tBA 
) - DMA^:^!J-r — :Srl2 0°CTff$l. 2 4 m m (D — V \C jiZm fz o ^ (D — V ^ 
hy^V^LTQ. 5X10mm<D#:t^i^i:L. Rheometr ic Sc ient i 

f i c DMTA- I wmmmmmm^^T-r^ ^ ^-<D^-<D)^n%^p^'^\'^»M.^\zm: 

{-ML. X 5 i> fal ¥ « b ^ . Sy ^ L o 4^ y - ft . E " ( T ) (7) ft ^ 4^ (Z) * ^ 

EAXt/DMAO»J^ffl:(-?:n-=Ptt-5 0rS.t/10 0t:) r(7?*® 
« * * ^ T ^ ffl L ^ :^jp ^ iS a . M E A n :^ 4^ 1 o ^ /l- % t B A(D^^ ( T g 
= 5 0°C) . S.r/MEAy>;/^K>-f>'S.t/DMAy:y^Kp<>r>'S:^^fii-r5#St-j:o 
T<7)MEA DMACOrl-g^^Si* LXV^2), 
[0120] 

(E) ft. ^@*l-Sa5O%/2 5°CT2 0W¥«^¥^/c^S;^i£KTlOHz. 1 
%c7)#t/. 2 5°CT*ay^UfCo ^y-7--«*f^l20t:T*;?)c?f^LTl. 24mmj?:$cOv^ 
— hirbfco rcDi/— h>|rhy^>i/bT9. 5X10mm<^1$)ytf^i:b. rixSrRhe 
ometric Scientific DMTA-IV t& W^^.W l8l6*3T:^^-^1f— <^ 
loc^;t5^^Kr4H^*t-«itfco 
[0121] 

3t^c^ a jgij ^ jfe 

(t?) tt. fl5i>f:^->;?Kco*6SSrlcpi:{KSb. 2 5't:T*^IBl^5teaH-^ffiV^T5 0^ 
»%7ktt^^ J -^x-^m,'^ 5*1:% TKy -r-^;lov^T^tSbfco 
[0122] 

^m'fxiy^:^.^)'^--(D^^^^^m. (Mn) M-g^^fefiyh^^iS^Tfe^ir^S^b. 
•^y-^-^MM^JOltS.t/NMR-Ciiy^b/c^y-^-0'^m* (3-^*^8 0%) ;6^b»(±i 
-r^o *S§:/n:y^/Ky-^ — (7)Mnfl. i:^ M ^ JV ji^ m ISlXJ^ ^ Wi ]) — (O M n U h 
ttl-rac DMA^/U5^^JiNMR;6^b**'5o 
[0123] 

H gj| 1 - 6 0 

SXT . *^0^-e^£ffii-scotcigbfcxKy-^-&M^-rSo 

[01 24] 

t-:/f^/UTi5^yu— h (tBA) -g-^^^y-^ — : 

2Ky-e — fi-f^TDMA- (MEA-co-tBA) -DMAri^sKy-r — T'feSp :irT* 
. DMAJi;J<y (N, - ^ ^ JVT ^ 'J J\-T ^ Y) (MEA-co-tBA) 
tt^Ky ( {2-:^V^i^:^^jV) T^yu— h-=3-ter t-:7"^/PT^yu— h) T 

5 o 

[0125] 
[^ 1 1 
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[0126] 

*J£^^(|4 1'-'4 8fi (DMA-co-MMA) -MEA- (DMA~co~MMA) =i 
y-r — T^foSo *iS0!l49~5 6(i (DMA-co-MMA) - (MEA-co-nBA 
) - (DMA-co-MMA) =i>t^y-e — "Cfe^o :i^T'. (DMA-co-MMA) 

(N, N-v^;^^yUT^/T^y>'UT^K-=i-;^^/Up«i5'i5'yU'-h)T*fc9. ( 40 
MEA-co-nBA) fljj^y ( (2-^h:3(.v'n:.^yU) T>>yu— h-:3-n-y^^yl- 
r^yi/-h) T^feSo 
[0127] 
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COSKBTIC AND PERSOmX. CARS COUPOSITIOHS 



Field o£ the Xnvesfclon. 

The present invention relates to cosmetic and personal 
care* .conqpositions, auch as hair styling compos itiona, 
containing block copolymers, and to their use in the 
treatment of hair. 

BaeScgroimd and Prior Art 

Cosmetic and personal care conpositions such as hair 
styling sprays, mousses, gels, shampoos and conditioners, 
frequently contain resins, gums and adhesive polymers to 
provide a variety of benefits, for example, film-forming 
ability, thickening, sensory, properties and hair shaping 
and setting. 

Polymers for use in such compositions are usually linear 
or graft homo- or co- polymers which contain various 
mcmomars in an alternating, random manner. 

Graft copolymers are known for use as film- forming 
polymers in hair care and other personal care 
cooqpositiona. "niese graft copolymers typically comprise 
a polymeric backbone and one or more macromonomers 
grafted to the backbone, in \^ich the physical ' and 
chemical attributes such as glass treuisltlon ten^eratuze 
and water solubility can be selected independently for 
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the polymeric backbone and roacromonomer grafts in order 
to provide the desired overall polymer properties. 

For example, WO95/01383 and WO95/01384 describe the use 
of water or alcohol soluble or disperfiible graft 
copolymers in hair and skin care con^sitions, in which 
the copolymer has a backbone and two or more polymeric 
side chains, and is formed by copolymerlaation of 
rauidomly repeating monomer units A and B. Monomer A ia 
selected to have a hydrophobic character and macromonomer 
B comprises a long hydrophilic part. EP'*A~0412704, EP-A- 
0408313 and EP-A-0412707 have suggeated the use of 
silicone grafted acrylate copolymers in hair care 
applications. US 4,988,506 describee the use of non- 
presBuxe sensitive polys iloxane- grafted copolymers in 
hair care compositions. US 5,986,015 desczribes graft 
copolymers and hair care compositions containing them. 

Block copolymers have an advantage over graft copolymers 
in that the polymer architecture can be controlled more 
readily. This is particularly important when designing 
polymer B with segments of distinct physical and chemical 
properties for particular applications. Graft copolymers 
typically have many side chains and are not characterised 
as block copolymers. 

WO 98/53794 discusses <AB}b block copolymers, where A is a 
silicone block and B is a vinylic block. US 5,271.930 
(Fintex Ine) describes benzoate esters of polyalkoxylated 

block copolyroera. such as PLURONICS™, for skin and hair 
care con^ositions. US 5,472,686 and US 5,660,819 (both 
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Nippcm Unicar) describe non-hydrolysing block copolymexs 
con?)r±eing a lineax polysiloxane-polyoxyalkylene block as 
a repeating imit in cosmetic formulations. US 5,965,115 
and US 5,972,356 {both Procter & Gamble) describe the use 
of silicone-poXyoxyalkylene copolymer surfactants for 
ioprorving stability of a polyorganosilicone emulsion in 
personal care conipositions . 

ABA triblock copolymers where the A blocks are hard and 
the B block is soft, are generally referred to as 
"thermoplastic elastocners' . Such polymers are multiphase 
compositions in which the phases are intimately 
dispersed. A well known material of this type is, for 
example, poly (styrene-b-butadiene-b~atyrene) commonly 
known as Kraton™ and available from Shell Chemicals 
Gon^any. However, these materials are only soluble in 
connnon organic solvents such as toluene and they are not 
Bolxible in cosmetically acceptable solvents such as water 
and ethanol . 

US 5,980,878 discloses thermoplastic elastomers f or ' use 
in hair and skin care conpositions which have a backbone 
polymer and a plurality of polymeric side chains bound 
along the length of the backbone polymer. The polymers 
described, which have a backbone and a plurality of 
pendant polymer chains, are effectively graft copolymers. 

International applicationa numbers PCT/EPO 0/0422 S and 
PCT/BPO 0/04429 describe polysiloxane block copolymers 
which are built up from imits of the formula lAl and [B] , 
in which A is a polymeric block built up from radically 
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polyraerlsable nononier and B is a polysiloxane blocX. The 
block copolymers may be used in cosmetic and perBonal 
care coo^kositions. 

<3B 1425228 discloses hair spray or setting lotions 
containing ABA block copolymers. The polytners are water 
insoluble and organic solvents are required in the 
oon^slticnis in order to solubilise the polymers. In all 
of tihe examples given, the A blocks are poly (2 -vinyl 
pyridine) and a typical B block is polybutadiene. 
Furthermore, in all cases each oC the A bloc3ca and the B 
blocks is derived from a single monomer ie« there is no 
copolymerisation within the A or B blocks. 

Con^aitions suitable for application ' to che hair 
containing two -block ox three -block copolyoiers are 
described in GB 1512280. The polymers contain an A block 
which Is a homopolyrner obtained from the polymerisation 
of an amino- substituted methacrylate ester, optionally 
quatemised. Throughout the document, the A and B blocks 
are taught as being obtained from a single monomer ie, 
the A and B blocks are homopolymers . 

It is an object of the present invention to provide 
cosmetic and personal care cotrpoaitiona which exhibit 
advantages over the compcsitionB of the prior art. In 
particular, the invention aims to provide a novel class 
of polymers for use in cosmetic and personal care 
con^sltions. The invention involves compositions 

containing polymers which can be produced relatively 
readily, and which have properties that can be tailored 
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to the particular application. 



The hair treatment 



compoaitlone of the invention which are useful for 
Btyling hair may have advantages in terms of longer 
lasting hold and/or improved feel. 

SvnnBaxT of the Invttx^lon 

In a first aspect « the present Invention, provides a 
cosmetic or personal care composition comprising a 
theriRoplaBtic elastomer which is a block copolymer 
coirprising a core polymer having a backbone conpriaing at 
least a proportion of C-C bonds and two or more flanking 
polymeara, each flajiking polymer being cQvalently bound to 
an end of the core polymer, wherein the core polymer 
aud/or at least one of the flanking polymers is a 
copolymer derived from two or more monomers, and a 
cosmetically acceptable diluent or carrier. 

Further provided by the invention in a second aspect is a 
cosmetic method oC treating hair which conprises applying 
to the hair a conposition of the invention. 

In a third aspect, the invention provides the use of a- 
composition of the invention for the cosmetic treatment 
of hair. ■ 

Brief Deseriptiou of the Drawings 



The acconpaxxying drawings illustrate, by way of example 
only, preferred embodiments of the invention. 
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Figure 1 ±a a plot showing SEC traces of an ABA copolymer 
after polymerization of the luidblock, and after addition 
of the endblocks to the midblock:. 

Figure 2 shows the in-phase (G'J and out -of -phase (G'') 
cornponents of the coTig;>le3c rheological modulias G* aa a 
function of frequency (o) for a copolymer of DHA, and MBA. 

Figure- 3 shows the in-phase (B' ) and the out -of -phase 
<E") con^onents of the con^lex solid modulus E* for a 

copolymer of DMA, MEA, and tert-butyl acrylate (tBA) , 
which may he used in a composition of the invention, as a 
function of temperature at a frequency of 10 Hz, a strain 
amplitude of 0.1%, and a heating rate of 2.5 'C/min. 

Detailed Zjeseription of the Invention 

The present invention involves the development of 
polymers for use in compositions for cosmetic and 
personal care applications. The compositions conprise a 
thertroplastic elastomer. The thermoplastic elastomer is 
a block copolymer con^jrieing a core polymer having a 
backbone conprising at least a proportion of C-C (ie, 
carbon- carbon} bonds and two or more flanking polymers. 
The linScages in the baddaone of the core polymer 
preferably cons^rise greater than 50%, more preferably 
greater than 75%, most preferably greater then 95%, such 
as, for example, at leasb 99% (these percentages being by 
number) C-C bonds. In some cases, the backbone may 
contain 100% (by number) C-C bonds. other bonds which 



(41) JP 2004-510720 A 2004.4.8 



WO 02/28358 PCT/EPOl/11312 

7 

may be present in the backbone of the core polymer, in 
addition to -the C-C bonds, Include, for example, C-O' 
bonds. The flanking polymers are bound to an end of the 
Gore polymer. Preferably, the flanJcing polymers contprise 
at least a proportion of C-C (ie, carbon-carbon) bonds. 
The linJcages in the backbone of the flanking polymer 
preferably con^riee greater than 50%, more preferably 
greater than 75%, most preferably greater then 95%, such 
as, for exanple, at least. 99% (these percentages being by 
munber) C-C bonds . In ' some cases , the backbone of the 
flanking polymer may contain 100% (by number) C-C bonds. 
Other bonds which may be present in the backbraae of the 
flanking polymer, in addition to the C-C bonds, include, 
for example, C-O bonds. 

The core polymer can take a number of different forms. 
For exanple, the core polymer may be linear or star-- 
shaped (the latter polymers also being termed "aerial") . 
Star-shaped polymers may have three or more arms. When 
the core polymer is linear, a flanking polymer is bound 
to each end of the core polymer and the resulting block 
copolymer is an ABA block copolymer; this is a preferred 
embodiment of the present invention. When the core 
polymer is star-shaped, a flanking polymer is bound to 
each end of the core polymer and the block copolymer 
therefore contains as many flanking polymers as there aire 
points or free ends in the star shaped polymer. For 
example, if the star she^d core polymer has four ends 
the block copolymer will comprise four flankdLng polymer 
groiipa. 
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Therefore, the block ccjpolymer may have the atxucttire 
CAB)n-'Cdre, where A and B are poZymeric blocJcs, n is 2 or 
more (preferably 2, or 4, 6, 8 or 12) and Core is a non- 
polymeric linking core. For ABA block copolymers/ there 
may or may not be a non-polymeric core rn the B block, 
depending on how polymerisatioa ie carried out. 
Preferably, at least one of blocks A and B Is a random 
block ccniprising two or more monomers, wherein at least 
one of the two or more monomers is hycrcpbllic and at 
least one of the two or more monomers Is .hydrophobic;, 
additionally, the absolute difference in log p • values 
between the hydrophobic and hydrophilic monomers is 
preferably at least about 0,5- More preferably, the 
flanking polymers are random copolymers. 

Usually, the flanking polymer (such as component A in an 
ABA block polymer) conprlses or consists of a sraterial 
that is hard at room temperature (ie, it has a high Tg} 
but becomes soft and fluid upon heating. Such materials 
are known in the art as "hard* blocks. The core polymer 
(such as con^nent B in. an ABA block copolymer-) coir^jrises 
or consists of a material that is soft at room 
temperature (le, it has a low Tg) . Materials of this 
latter type are known in the art as 'soft blocks' . 

The glass transition temperature (Tg) of the flzmking 
polymer (eg, in the case of an ABA block copolymer, the A 
blocks) is typically from 0 to 300*'C, preferably from 25 
to IVS^C, more preferably from 30 to IBO^C. The glass 

transition temperature of the core polymer (eg, in the 
case of an ABA block copolymer, the B blocks) is 
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typically from -200 to 1S0'*C, preferably from -100 to 
75**C, more preferably from -100 to 50®C, most preferably 
from -75 to 50°C (such as from -75 to less than 30"C) . 
Those skilled in the art will appreciate that the 
particular Tg values in any given case will depend on the 
overall nature of the polymer and the identity of the 
particular core and flanking polymers. The main 
requirement is that the flanking polymers will constitute 
hard blocks, whilst the core polymer will be a soft 
block. Typically, this means that the Tg of the flanking 
polymers will be higher than that of the core polymer. 

Tg or glaas transition is a well-known term in polymer 
science that is used to describe the ten^ierattire at which 
a polymer or a segment thereof undergoes a transition 
-from a solid or brittle material to a liquid or rubber- 
ll)ce material. The glass transition teirperature can be. 
measured by a variety of standard techniques that are 
well known in polymer science. A- common technique for 
the determination of glass transition tenqperature is 
differential scanning calorimatry, commonly known as OSC. 
The glass transition phenomenon in polymers is described 
in polymer textbooks and encyclopaedias, for exan^le " 
Principles of Polymer Chemistry", A Elawe, Plenum Press, 
New York and London 1995, ISBN 0-306-44873-4. 

The core and flanking polymer segments are generally 
thermodynamically incoti^tlble and they will therefore 
phase a^arate into multiphase coinpositlons in which the 
phases are intimately dispersed. 
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The flanking and core polymers are typically selected In 
a manner so as to produce a block copolymer with balanced 
hydrophi lie /hydrophobic character. The copolymer may ba, 
for exanple, soluble In water « ethanol or mixtures 
thereof or sol^lble in other cosmetically acceptable 
diluents or cazxiera. 

The copolymer is preferably soluble in a solvent selected 
from water, ethanol and mixtures thereof. Preferably, 
the polymer is soluble at a level of at least 0.1% by 
weight (more preferably at least 1% by weight, eg, 1 to 
254 by weight) in water, ethanol or a water/ethanol 
mixture at 25 "C. By soluble, it is meant that the 
polymer does not form a distinct separate phase (liquid 
or solid) under the conditions specified. 

The core polymer typically has a number average loolecular 
weight of from 100 to 10,000,000 Da (preferably from 
2,000 to 200,000 Da, more preferably from 10,000 to 
100,000 Da) and a weight average molecular weight of from 
150 to 20,000,000 Da (preferably from 5,000 Co 450,000 
Da, more preferably from 20,000 to 400,000 Da). "The 
flanking polymera preferably have a number average - 
molecular weight of from 80 to 500,000 Da (preferably 
from 100 to 100,000 Da, more preferably from 100 to 
20,000 Da) and a weight average molecular weight of from 
80 to 700,000 Da (preferably from 100 to 250,000 Da, more 
preferably from 200 to 50,000 Da). The molar ratio of 
the core polymer to the flanlcix^ polymers is typically 
from 1:10 to 10:1. Preferably, the molar ratio of the 
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core polymer to the flanJcing polymers is from 3:1 to 
10:1. 

The block copolymers of the invention preferably have 
elastic moduli of from 1 to 1000 MPa, determined at 10 
Hz, 1% strain, 25*'C in a single tension geometry after 
two days of equilibration at S0% relative humidity, 25 *C. 

The viscosity of the polymer is preferably less than 15 
raPas (ceatipoise; cp) , more preferably less than 12 mPaa, ' 
such as for exanple in the range from 3 to 12 mPas (cp) , 
as estimated for 5 wt% polymer in 50 vol % aqueous 
ethanol solution at 25 "C using capillary viacometry and 
assuming a viscosity for deionised water of 1 mPas. 
Polymers having this viscosity are particularly useful in 
hair styling products vhicH are formulated as sprays. 
For use in other hair styling as^licatiocs, the viscosity 
of the polymers may be well outside this range. 

Preferably/ the block copolymers of the invention retain 
a relatively high bond strength imder conditions of 
relatively high humidity. The polymers preferably have a 
bond strength of at least 10 g at 40*>C and 8 0% relative 
humidity, the bond strength being determined by the 
method described herein in the exanples in the section 
under the heading "Method for determining bond 
strengths". ftore preferably, the polymers have a bond 
strength of at least IS g at 40«C and 80% relative 
humidity, even more preferably a bond strength in the 
range of from 15 g to 30 g at 40''C and 8 0% relative 
humidity. The polymers most preferably have a bond 
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Strength of at least 15 g at 25-C and 80% relative 
hinnidlty, such as, for exaiqple, a bond strength in the 
range of. from IS g to 80 g (such as 15 g to 70 g eg, 25 g 
to 70 g) at 25«»C and 80% relative humidity. 

Preferably, the bloclc capolyTnerB of the invention have a . 
bond strength of at least 34 g at 25°C and 50% relative 
humidity and an elastic modulus of less than 0.45 GPa. 
More prefcurably, the polymer has a bond strength in the 
range of from 34 g to 100 g, more preferably from 34 g to 
60 g at 25»C and 50% relative humidity. 

The bloclc copolymers also preferably have an elastic 
modulus of less than 0.45 GPa, as determined by the 
inethod described herein in the ejcamples in the section 
under the heading "Method for determining elastic 
modulus". Preferably, the polymer has an elastic modulus 
in the range of from 0.01 to 0.45 GPa, more preferably 
0.05 to 0.45 GPa, most preferably 0.1 to 0.45 QPa. 

The fact that the polymer retains a degree of bond- 
strength at relatively high temperatures and high 
humidity means that the styling con^sition can continue 
to be effective at styling hair under these conditions. 

Preferably, the polymer consists essentially of (ie, 
contains at least 95% and preferably substantially 100%) 
atoms selected from carbon, hydrogen, «cygen and 
nitrogen. 
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It: will be appreciated that the • particular bond strength 
of the polymer, which ie most suitable £or use in a 
con5>osition of the invention, will depend on the nature 
of the intended market for the styling conpoeition. The 
needs of the particular market will be dictated by, for 
eacample, typical temperature and humidity conditions in 
the geographical location defining that market (regions 
of higher ten^erature and/or humidity requiring higher 
bond strengths) and the preferencds of local users of the 
composition (which will be dictated by hair type and 
fashion and/or cultural considerations) . Thus, a variety 
of different polymers having a variety of different bond 
strengths and other physical properties are potentially 
useful in the conpositiona of the invention. In order to 
achieve the desired bond strength and humidity resistance 
and to balance this with the local requirements of users 
of hair styling coinpositions , the chemical conceit ion of 
the polymers can be adjusted to optimise the balance of 
the desired bond strength with other physical properties, . 
such as glass transition temperature and water 
sol\ibility. For example, when the polymer is a block 
copolymer, the composition of the flanking polymers may 
be modified to include raonomeric and/or polymeric groiqjs 
derived from monomers or comonomers, such as, for 
exaniplet £7- Isopropylacrylamlde (KIPAM) , methyl 
methacrylate (MMA) , tert -butyl acrylamide and mixtures 
thereof to provide blocks such as, for exanqple^ methyl 
methacrylate- CO- acrylic acid (MMR-co-AA) . llierefore, 
each of the flanking polymers may be a random copolymer 
derived from at least one hydrophobic monomer and at 
least one hydrophilic monomer. 
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independently, comprise a combination of two or nore 
monomers. Hence, the copolymers used in the invention 
include, for exan^le, ABA and ABC block copolymera. 

The flanking polymera in each thermoplastic elastomer 
molecule are preferably substantially identical in terms 
o£ their composition and .molecular weight. Bowever, the 
flanking polymers may, alternatively, be different from 
each other in terms of their composition and/or molecular 
weight . 

Preferably, Che flanking polymer and/or the core polymer, 
more preferedaly both the coxe polymer and the flanking 
polymer, compxlas backbones which are obtainable by free 
radical polymerisation of vinylic roononers. Suitable 
vinylic monomers include those based on 
acrylate/methacrylate, acrylamide and/or styrenic 
systems. However, other block cc^lymeric systems such 
as those derived by, for example, addition polymerisation 
mechanisms such as polycondensation can also be utilised, 
provided that the flanking atsid core polymers are derived 
from hard and soft segments, respectively. 

The block copolymera of the present invention can be 
produced by standard polymerisation techniques such as 
anionic or living free radical polymerisation 
methodologies. Suitable methods for preparing the 
polymers will be known to those skilled in the art. 
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rtie coze and flanking polymers may conqprise different 
monomere or, where each of the core and flanking polymers 
iB a copolymer, may have one or more mononerB in common. 

Free radically polymerisable monomers suitable for use in. 
polymerisation methods to produce polymerB suitable for 
use in the present invention are preferably ethylenically 
unsaturated monomers. The living free radical 

polymerisation route is preferred due to its versatility 
and conmarclal viability. By "polymerisable" is 

preferably meant mcmomers that can be polymerised in 
accordance with a living radical polymerisation. 

By "ethylenically unsaturated* is meant monomers that 
contain at least one polymerisable carbon- carbon double 
bond (which can be mono-, di-, tri- or tetra- 
substituted) - Either a single monomer or a combination 
of two or more monomers can be utilised. In either case, 
the monomers are selected to meet the physical and ■ 
chemical requirements of the final block copolymer. 

Suitable ethylenically unsat\irated monomers useful herein 
include protected or non-protected acrylic acid and 
metbacrylic acid and salts, esters, anhydrides and amides 
thereof . 

tbs acrylic acid and metbacrylic acid salts can be 
deriv<5d from any of the common non- toxic metal, axmonium, 
or substituted ammonium coiinter ions. 
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The acrylic acid and methacxylic acid esters can be 
derived from C1.40 straight chain, 03-40 branched chain, or 
C3-40 carbocyclic alcohols, from polyhydric alcohols having 
from about 2 to about 8 carbon atoms and from about 2 to 
about 8 hydroacyl groups {non- limiting examples of which 
include ethylene glycol, propylene glycol, butylene 
gLycol, heacylene glycol. glycerin, and 1,2,6- 
hexanetrlol] i £rom amino alcohols (non- limiting exan^les 
of vhicli Include aminoethanol , dimethyl aminoethanol and 
diethylaminoethanol and their quatemised derivatives) ; 
or from alcohol ethers (non- limiting exanples of which 
include metboxyethanol and etboxyethanol) . 

The acrylic acid and tnethaciylic acid amides can be 
unsiibstituted, N-alkyl or N-alkylamino mono -substituted, 
or N,N-dialkyl, or N,N-dialkyl amino disubstituted, 
wherein the alkyl or alkylamino groups can be derived 
from C1.40 (preferably Ci-io) straight chain, C3.«o branched 
chain, or Ca-^o carbocyclic moieties. In addition, the 
alkylamino groups can be quatemised. 

Also useful as monomers are protected and unprotecced 
acrylic or /and methacxylic acids, salts, esters and 
amides thereof, wherein the substituents are on the two 
and/ or three carbon position of the acrylic and/or 
methacxylic acids, and are independently selected from Ci- 
« alkyl, hydroxyl, hallde {-CI, -Br, -P, -I), -Of, and - 
CO3H, for example methacrylic acid, ethacrylic acid, 
alpha -chloroacrylic acid and 3-cyano acrylic acid. The 
salts, esters, and amides of these substituted acrylic 
and methacrylic acids can be defined as described above 
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for the acrylic/methflcrylic acid salts, esters and 
amides . 

Other useful tnonomers include vinyl and allyl estera of 
Ci.4o straight chain, C3.40 branched chain, or Ca.40 
carbocyblic carbcncylic acids, vinyl and allyl halldes 
{eg, vinyl chloride, allyl chloride), (eg, vinyl 
pyridine, allyl pyridine) ; vinylidene chloride; amd 
hydrocarbons 2iavlng at least one unsaturated carbon - 
carbon double bond (eg, styrene, alpha- ma thy Istyrene, t- 
butylstyrene, butadiene, isoprene, cyclohexadiene, 
ethylene, propylene, 1-butene, 2-butene, isobutylene, p- 
methylstyrene) ; and mixtures thereof. 

Preferred ethyleni cally unsatiirat;ed monomers have the 
following general formula: 

H{R*) C - C (1^) (C(O)G) 

in which and r' are independently selected from 

hydrogen, Cx-Cjo straight or branched chain alkyl {the 
term aUcyl, when used herein, refers to straight chain 
and branched groins) , raethoxy, ethoa^, 2-hydro3^ethoxy, 
2-metho3cyethyl and 2-ethoxyethyl groups ; 

G is. selected from hydroxyl, -0(M)iyv , -OR' . -NHa # -BIHR* 
and - N(R*) (R*) ! 

where H is a counter- ion of valency v selected from metal 
ions such as alkali metal ions and alkaline earth metal 
ions, amnonium ions and substituted ammonium ions such as 
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mono-, <Si-, tri- and tetraalkylaToraoxiitim Ions, and each 
and R* is .independently seXec&ed from hydrogen, Ct-C» 
straight or branched chain alkyl, N,N-diinethylaininoethyl, 
2-hydroxyetbyl, 2-raethoxyethyl, and 2-ethoxyethyl, 

More preferred specific monomers usefiil herein include 
those selected from protected and unprotected acrylic 
acid, niethacrylic acid, ethacrylic acid, methyl acrylate, 
ethyl acrylate, a- butyl acrylate. iso-butyl acrylate, t- 
butyl acrylate, 2-ethylhe3cyl acrylate, decyl acrylate, 
octyl acrylate, methyl methacrylate, ethyl methacrylate, 
n-butyl methacrylate, iso-butyl methacrylate, t -butyl 
methacrylate, 2-ethylhexyl methacrylate, decyl 

methacrylate, methyl ethacrylate, ethyl ethacrylate, n- 
butyl ethacrylate, iso-butyl ethacrylate, t-butyl 
ethacrylate, 2-ethylhexyl ethacrylate, decyl ethacrylate, 
2,3- dihydroxypropyl acrylate , 2,3- dihydxoxypropyl 

methacrylate, 2-hydroxyethyl acrylate, 2-hydroxypropyl 
acrylate, hydrojcypropyl methacrylate, glyceryl 
monoacrylate, glyceryl monoethacrylate, glycidyl 
methacrylate, glycidyl acrylate, acrylamlde, 

methacrylamide, ethacrylamide, N-methyl acrylamide. N,W- 
dimethyl acrylamide, N,N-dimethyl methacrylamide, N- ethyl 
acrylamide, N-isopropyl acrylamide, N-butyl acrylamide, 
N-t-butyl acrylamide, N.N-di -n-butyl acrylamide, N,N- 
diethylacrylamide, N-octyl acrylamide, N-octadecyl 
acrylamide, N,N-diethylacrylamide, N-phenyl acrylamide, 
N-methyl methacrylamide, »- ethyl methacrylamide, M- 
dodccyl metliacrylamide, N,N-dimethylaminoethyl 

acrylamide, quatemised N,M-dimethylaminoethyl 

acrylamide, N,N-diraethylaminoethyl methacrylamide. 
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quaterniaed N,N-diraethylaminoethyl methacxylaiiiide, N,1I- 
dlraethylamixioethyl acrylate, HfK-diniethylaininoathyl 
methacrylate, quaternised N,N-dimetliyl-aininoethyl 

acrylate, quaternised H,N-diniethylainlnoethyI 

methacrylate, 2 -hydroxy ethyl acrylate, 2~hydroxyethyl 
methacrylate, 2 -hydroxyethyl ethacrylate, glyceryl 
acrylate, 2-methoxyethyl acrylate, 2-methQxyethyl 
methacrylate, 2-methoxyethyl ethacrylate, 2-ethcocyethyl 
acrylate, 2-ethoxyethyl. methacrylate, 2-ethoxyethyl 
ethacrylate, malelc acid, inalelc anhydride and its Half 
esters, funaric acid, itaconic acid, itaconic anhydride 
and its half esters, crotonic acid, angelic acid, 
diallyldimethyl ammoniitm chloride, viayl pyrzolidone 
vinyl imidazole, methyl vinyl ether, methyl vinyl ketone, 
tnaleimide, vinyl pyridine, vinyl pyridine -N-oxide, vinyl 
furan, styrene sulphonic acid and its salts, allyl 
alcohol, allyl citrate, allyl tartrate, vinyl acetate, 
vinyl alcohol, vinyl eaprolactam, vinyl acet amide, vinyl 
formamide and mixtures thereof. 

Even more preferred monomers are those selected from 
methyl acrylate, methyl methacrylate, methyl ethacrylate, 
ethyl acrylate, ethyl methacrylate, ethyl ethacrylate, n- 
butyl acrylate, n-butyl methacrylate, n-butyl 
ethacrylate, 2-ethylhexyl acrylate, 2-ethylhe3cyl 
methacrylate, 2-ethylhexyl ethacrylate, W-octyl 
acrylamide, 2-methoxyethyl acrylate, 2-hydxcKyethyl 
acrylate, N,N-dimethylaminoethyl acrylate, N,N- 
dlroethylaminoethyl methacrylate. acrylic acid, 

methacrylic acid, N-t-butylacrylamide, N-sec- 

butylacrylamlde, N,N-dimethylacryl amide, N,N- 
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dibutylacryl amide, N,N-dihydroxyethyllacrylBmlde 2- 
hydrosQ'ethyl acrylate, 2 -hydroxyethyl methacrylate, 
benzyl acrylate, 4-butoxycarbonylphenyl acrylate, butyl 
acrylate, 4-cyaiioibutyl aciylate, cyclohexyl aczylate, 
dodecyl acrylate, 2-ethylhexyl acrylate, beptyl acrylate^ 
ieo-butyl acrylate, 3-inethoxybutyl acrylate. 3- 
methoxypropyl acrylate, methyl acrylate, M-butyl 
acxylamide, N,H-dibutyl acrylamlde, ethyl acrylate, 
aethoxyett^l acrylate, hydroatyethyl acrylate, 

diethyleneglycolethyl acrylate and mixtures thereof. 



Particularly preferred for the flan}cing polymere are 
polymers or copolymers of an acrylamlde eg, N,N- 
dialkylacryl amides, preferably N,N-dimetfaylacrylamide, 
Copolymers include, for exanple, random copolymers of an 
acrylamlde with one or more otlier vlnylic monomers eg, 
another acrylamlde or an acrylate ester, as described 
hereinbefore. Representative exatnplea of particulzirly 
preferred monomers for the flanking polymers therefore 
include, • but are not restricted to: acrylamlde, 
me thacryl amide, N-tert-butylacryLamide, N-sec- 

butylacrylamide, N,N-diraBthylacrylaiaide, N,N- 

dilmtylaczylamide, N,N-dihydiroxyetiiylacrylamide, acrylic 
and methacrylic acida and their sodium, potassium, • 
aramouium salts, styrene, styrenesvaphonic acid, N,M- 
dialkylamlnoethyl acrylate, N,N-dialJcylaminoethyl 
acrylamlde, vlnylfomiamlde, tert -butyl acrylate, tert- 
butyl methacrylate, and, where the flanking polymer la a 
copolymer, mixtures thereof. N,N-dlalkylacrylamidea and 
N-alkylacrylamidea, wherein the al)cyl groups are Cj-Cg 
straight or branched chain alkyl {particularly N,Kr- 
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diroetbylacrylaniide} , are Che moat preferred class of 
monomers for- the flaxUdxsg polymer; and are preferably 
used ae copolymers with C1-C6 al3cyl acrylate or 
methaczylate esters (such as methyl methaorylate) or 
acrylic acid when one or both of the flanldng polymers is 
a copolymer - 

It is preferred chat the core polymer is a polymer or 
copolymer of .an acrylate ester. Cc^olymers may, for 
exan^e, be random copolymers of two or more (preferably 
two] different acxylate eaters. Preferrvd acrylate 
esters are esters of acrylic acid and Ci-C, straight or 
branched chain alcohols. Representative exanplea of 
monomers for the core polymer include, but are not 
restricted to: benzyl acrylate, 4 -butoxycarbonylphenyl 
acrylate, butyl acrylate, 4-cyanobucyl acrylate, 
cyclohexyl acrylate, dodecyl acrylate, 2-ethylhe3cyl 
acrylate, heptyl acrylate, iso -butyl acrylate, 3- 
meUKMqrbutyl acrylate, 3 -methoxypropyl acrylate, methyl 
acrylate, neopentyl acrylate, nonyl acrylate, octyl 
acrylate, phenethyl acrylate, propyl acrylate, N-butyl 
acrylamide, W.N-dibutyl acryl amide, ethyl acrylate, 
msthoxyethyl acrylate, hydroxyethyl acrylate, 

diethyleneglycolethyl acrylate. More preferred are 

polymers or copolymers of a <C1-C3 al)coxy)Cl-C6 alkyl 
acrylate. Particularly preferred core polymers are 
polymers or copolymers of (3-methoxyethyl) acrylate. The 
copolymers may be copolymers of (2'RiethcKyethyl) acrylate 
with Cx to Cs alkyl acryiate esters such as, for example, 
c-butyl acrylate. 
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In one embodiment of the invention, preferred polymers 
are ABA block copolymers in which the A blocks are 
poly (N,N-dlmethylacrylamide) or poly{M,N- 
diinethylacrylamide-co-niethyl met ha cry late) and the B 
block is poly- ((Z-ioefchoxyethya} acrylate) or poly( (2> 
methoxyethyl) acxylate-co-tert butyl acrylate} . Even 
more preferred are ABA block copolymers in which the A 
blocks axe poly (N,N-d±niethylacrylamlde- co-methyl 
metbaczylate) and the B block is poly- ( (2-TOetho3cyethyl) 
acrylate) and AHA block copolymers in which .the A blocks 
are poly(N,H-dimethylacrylamide) and the B block is 
poly ( (2«methoxyethyl) acrylate-co-tert butyl acrylate). 

The block copolymers of the invention may have further 
polymer chains grafted onto the core polymer azid/or cme 
o^ more (or all) of the flanking polymers. Suitable 
polymer chains for grafting cmto the block copolymers 
include, for exanple, silicones/ and polymers - derived 
from monomers ouch as acrylate and methacrylate esters 
(eg, esters of aciryllc or methacrylic acid with C1-C9 
straight or branched chain alcohols) , atyrene (optionally 
substituted with one or more C1-C12 straight or branched 
'chain alkyl groups) and mixtures thereof. Other suitable 
polymer chains include polyallqrleneglycols, such as 
polyethyleneglycol or polypropyleneglycol . The polymer 
chai n s which may be grafted onto the block copolymers may 
be hydrophobic or hydrophilic and hydrc^hoblc, 
hydrqpliilic or miactures of hydrophobic and hydrophilic 
chains may be grafted onto the block copolymers. 
Suitable hydrophobic and hydrophilic macroroers for the 
grafts are described in WO 95/06078. 
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ABA Block Copolyaaxs 

The preferred polymers for use in the present invention 
are ABA block GOpolyruere. As used herein, *A-B-A block 
copolymer* refers to a polymer compriaing at least three 
segments having at least two differing conpositions and 
also having any one of a number of different 
architectures, where the monomers are not incorporated 
into the polymer architecture In a solely statistical or 
uncontrolled manner. The transit ion from each A block to 
B block may be sharply defined or may be tapered {ie, 
there may be a gradual compositional change from A to B 
blocks) . Although there may be two, three, four or more 
monomers in a single block- type polymer architecture, it 
will still be referred to herein as a block copolymer. 
In some embodiments, the block copolymers of this, 
invention include one or more blocks of random copolymer 
(referred to herein as an block) together with one or 
more blocks of single monomer s. Thus, the polymer 
architecture may be A-R-A, R-B-R, R-B-A, R-R'-R, A-R-B-A 
or A-R-B-R-A, where R and R' axe random blocks of 
monomers A and B or of monomers B and C or more monomers. 
Moreover, the random block can vary in corrpoaition or 
size with respect to the overall block copolymer. In 
some embodiments, for exan5»le, the random block will 
account for between 5 and 80 % by weight of the" mass of 
the block copolymer. In other embodiments, the random 
block R will account for more or less of the mass of the 
block copolymer, depending on the applicaticm. 
Furthermore, the random block may have a compositional 
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gradient of one roononier to the other {e.g., 'A:B} that 
varies across the random block in an algorithmic fashion, 
with endh algorithm being either linear having a desired 
slope, exponential having a desired exponent (such as a 
number from 0.1-5) or logarithmic. The random block may- 
be subject to the same kinetic effects, such as 
coiqposifcion drift, that would be present in any other 
radical copolymerlzation and its coonposltlon, and size 
jnay be affected by such kinetics, such as Markov 
kinetics. Any of the monomers listed elsewhere in this 
specification may be used in the block cc^olymera of thlp 
invention. 

A 'block* within the scope of the block copolymers of 
this invention typically comprises about S or more 
monomers of a single type (with the random blocks belzig 
defined by conposition and/or weight percent. as 
described above) . in preferred embodiment a , the number 
of monomers within a single block may be about 10 or 
more, about 15 or more, about 20 or more or about 50 or 
more. Each block may have a desired architecture and 
thus, each block may be linear, branched (with short or 
long chain branches), star {with 3 or more arms), etc. 
Other architectures will be apparent to those of skill in 
the art upoa review of this specification. 

In one embodiment, block copolymers are assembled by the 
sequential addition of different monomera or raonomer 
mixtures to living polymerization reactions. In another 
embodiment, the addition of a pre-aesenibled 
functional! zed block (such as a telechelic oligomer or 
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polymer) to a free radical polymerization mixture yields 
a block copolymer Ce.g., the polymerization mixture may 
be controlled or *livirig*) Ideally, the growth of each 



determined by NMR via integration of polymer to monomer 
signals. Conversions may £j.so be determined by size 
exclusion chromatography (SBC) via integration of polymer 
to monomer peak. For UV detection, the polymer reeponse 
factor must be determined for each polymer/monomer 
polymerization mixture. Typical conversions can be 50% 
to 100 % for each block, more specifically in the range 
of from about 60% to about 90%) - Intermediate conversion 
can lead to block capolymeirs with a random copolymer 
block separating the two or more homopolymer blocks, 
depending on the relative rates of polymerization " and 
monomer addition. At high conversion, the size of this 
random block is sufficiently small such that it is less 
nicely to affect polymer properties such as phase 
sepeuratioQ, thermal behaviour and mechanical modulus'. 
This fact can be intentionally exploited to improve 
polymerization times for many applications without 
measurably affecting the performance characteristics- of 
the resulting polymer. This is achieved by Intentionally 
•killing" or • terminating the living nature of the 
polymerization when a desired level of converBlon (e.g., 
>80%) is reached by, e.g., cooling the polymerization to 
room tenperature or by neutralizing the control agent, 
for exan^le by introducing acids, bases, oxidizing 
agents, reducing agents, radical sources, scavengers, 
etc. In the absence of a radicsil control agent, the 
polymerization continues uncontrolled (typically at much 



block occurs with high conversion. 



Conversions are 
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hl^er reaction rates) until the remaining monomer is 
consumed . 

The e^ciatence oE a block copolymer according to this 
invention ie determined by methods known to those of 
skill in the art. For example, those of skill in the art 
nay consider nuclear magnetic resonance (NMR) studies of 
the block cppolyuier. Those of skill in the art would 
also consider the measured increase of molecular weight 
upon addition of a second rnonomer to chain-extend a 
living polymerlzacion of a first monomer. Block 
copolymer structure can be suggested by obiservation 
microphase separation, including long range order 
(determizied by X-ray diffraction) , microscopy and/or 
birefringence measurements. other methods of determining 
the presence o£ a block copolymer include mechanical 
property measurements, (e.g., elasticity of 
soft /hard/soft block copolymers) , thermal analysis and 
chromatography (e.g., absence of homopolymer) . 

Measurement of optical properties, such as absorbance 
(color and clarity) , provides information about the phase 
morphology and micros tructure of the polymer emulsions. 
Thus, for example, birefringence measurements may 
indicate the presence of optical ani sot ropy re stilting 
from microphase separation in hard/soft block copolyn^rs. 
Likewise, sharp color delineations in ^tlcal micrographs 
of annealed polymer films can indicate the presence of 
ordered, microphaae-separated block copolymer structure. 
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Block copolymers of sufficiently high molecular weight 
phase sepeuixite oa a microscopic scale, to form 
periodically arranged mlcrodomaiaB vhich typically 
cos^riBe predominantly one or the other polynter. These 
may take the form of lamellae, cylinders, spheres, and 
other more complex morphologies, and the domain sizes and 
periods are typically In the range lO-lOO nm. Such 
microphase separation can be detected obtained in a 
variety of ways, including electron microscopy, x-ray or 
neutron scattering or reflectivity, measurement of 
Optical anleotropy, and rheologlcal meaaurements - The 
absence of a periodic mlcrostructtire is not necessarily 
evidence against having synthesized a block copolymer, as 
such absence nAy be due to low molecular weight, broad 
molecular weight distribution of the individual blocks, 
weak intermolecular interactions, or inadequate time and 
slow kinetics for microphase separation. However, the 
presence of a periodic micros t rue txire on the lO-lOO nm 
scale is considered extreinely compelling evidence for 
block copolymer formation in accord with this invention. 
A periodic tnlcrostructure is not, however, an essential 
feature of the copolymers which may be used in the 
expositions of this Invention. 

Block copolymers are well-known to form terraced films, 
where the film thlcScness is restricted to integer or 
half -integer multiples of the micro struct are period. 
This occxirs because preferential interactions of one or 
the other block with the substrate and/or free surface 
catise a layering of the microdomains parallel to tha film 
surface (see for exanple G- Coulon, J3. Ausserre, and T.P. 
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Ruseell, J*. Phya. (Psacia) 51, 777 (1990) ; azid T.P. 
Riissell, G. . Coulon, V.R. Delinev and D.C. Miller, 
tSacraaolGciileB 22, 4600-6 (1989)). When observed in a 
reflection microscope (on a reflecting substrate such as 
a ailicon wafer) , the terracing manifeats itself as a 
series of discrete, well-defined colore with shaip 
boundaries between them. The colors are a result of 
Interference between light reflected from the top and 
bottom surfaces of the film, and depend on the local film 
thickness ("Kewton*B rings"). If terracing does not 
occur, ttw colors blend continuously from one into the 
other. 

The presence of chemically homogeneous sequences within 
block copolymers leads to a phase transition known as 
microphase separation. Energetically unfavorable 

Interactions between chemically distinct monomers drive 
the bloclcfi to separate into spatially distinct domains. 
Since the blocks are covalently bound together, these 
domains are conparable in size to the dimensions of the 
polymers themselves. Hie presence of these domains 
alters the physical properties of the materials, giving 
the resulting composite many of the chemical and physical 
characteristics of each block. 

Polyiasrisation Pxocess 

Although any conventional method can be used for the 
synthesis of the block copolymers of the invention, 
living free radical polymerisation is the preferred 
polymerisation process. Such polynerisationa are 
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described in the literature^ - for example: Tailored 
polynisra by free radical processes, B Rizzardo et al, 
Macromol. Symp. 1999, 143 (World Polymer Congress, 37*^ 
International Syn^ioslum on Macroniolecules, 1998), 291- - 
307, ISSN: 102-1360: also Atom transfer radical 
polymerisation and controlled radical polymerisation, Z 
Zhang, et al, Gaofenzi Tongabo, 1993, (3) 138-X44; K 
Matyj azewslci » Classification and coinparison o£ various 
controlled/ "living* radical polymerisations, Boo)c of 
Abstracts, 218^ ACS National Meeting, Kew Orleans, Aug 
22-26 (1999), Poly-042. 

In principle, any "living* free radical polymerisation 
techniques such as nitroxide radical controlled, atom 
transfer radical polymerisation (ATRP) , reversible 
addition fragmentation chain transfer (RAFT) and 
catalytic chain transfer (CCT> could be used. The 
preferred polymerisation routes for the block copolymers 
of this invention are nitroxide mediated processes. 
Thus, a bis -nitroxide initiator may be en^Jloyed to 
produce well-defined ABA block copolymers. The process 
coRfirises two steps. In the first step^ a core polymer 
of a defined length is syntheslsed with the bis-nitro3tide 
Initiator at the "centre* of the core polymer. This 
involves the living polymerisation of the monomer or 
monomers with a bis-nitroxide initiator. After this 
first stage is coinplete, the core polymer is optionally 
piirified or used without purification. The second step 
involves the introduction of the flanking polymer monomer 
or monomers using the same technique of living 
polymerisation. The polymerisation process can be 
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closely monitored by gel permeation chromatography (GPC) , 



process Is preferably a topped vfhen high convaraioxLa are 
achieved. 

Living free radical polymerisation techniques suitable 
for use in the preparation of polymers for use in the 
invention include, for example, those described in Rawker 
et al*, "Development of a Universal Alkoxyamine for 
<Iiivin9< Free Radical Polymerizations," *7. Am. C3zem. 
Soc, 1999, 121(16), pp. 3904>3920 for a nitroxide 
mediated processes and in U.S. Patent Application No. 
09/520,583, filed March 8, 2000 and corresponding 
international application PCT/USOO/06176, which process 
is particularly preferred, and both of these applications 
are Incorporated herein by reference. 

Suitable polymerisation reactions include, for example, 
the following ratios of starting materials, temperature, 
pressure, atmosphere and reaction time. Ten^eraturea for 
polymerization are typically in the range of from about 
BO«C to about L30*C, more preferably in the range of from 
about 95 *C to about ISO^C and even more preferably in the 
range of from about 120'>C to about 130 «C. The atmosphere 
may be controlled, with an inert atmosphere being 
preferred, sucdi as nitrogen or «urgon. The molecular 
weight of the polymer can be controlled via controlled 
free radical polymerissation techniques or by controlling 
the ratio of monomer to initiator. Generally, the ratio 
of raoT«3iner to initiator is in the range of from eQjout 200 
to about 800. In a nitroxide radical controlled 



19MR and viscosity measurements. 



The polymerisation 
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polymerization the ratio of control agent to initiator 
can be in the range of from about X mol % to alxxut 10 raol 
% and this is preferred. The polymerization may be 
carried out in bulk or in a suitable solvent such as 
diglyme. Polymerization reaction time may be in the raxige 
of from about 0.5 hours to about 72 hours, preferably 
from about 1 hour to about 24 hours and more preferably 
from about 2 hours to about 12 hours. 

The polymers used in the present invenclcn are . preferably' 
produced by the living free radical process. 

Coaapoaitions of the invention 

ConipoBitiona of the present invention are preferably 
formulated into hair care compositions, especially 
hairspray conpositions , but can also be formulated into a 
wide variety of product types, including mousses, gela, 
lotions, tonics, sprays, shanpoos, conditioners, rinses, 
hand and body lotions, facial moistiirisers , sunscreens, 
anti-acne preparations, topical analgesics, mascairas, and 
the like. Compositions of the invention coiiprise a 
cosmetically acceptedsle diluent or carrier. Preferably, 
the conpositions are for use in styling human hair and, 
more preferably, they are packaged and labelled as such. 

Compositions of the invention preferably contain the 
polymer in an amount of from 0.01% to 30% (more 
preferably from 0.1 to 10%, even more preferably from 0.1 
to 5%) by weight. Compositions of the invention may, 
optionally, conprise a fragrance or perfume and/or one or 
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iQoxe of the optloxiaX additional c<»qponent:8 described 
hereinafter . 

The carriers and additional cornponenta required to 
formulate such products vary with product type and can be. 
routinely chosen by one skilled in the art- The following 
is a description of some of these carriers and additional 
conponents . 

carriers 

Hair caxre con^JOsitlonB of the present invention can 
comprise a carrier^ or a mixture of such carriers, which 
are suitcible for application to the hair. The carriers 
are present at from about 0.5% to about: 99^5%, preferably 
from about 5.0% to about 99.5%, more preferably from 
about 10.0% to about 9B.0%, of the conposition. As used 
herein, the phrase "suitable for application to hair" 
tneana that the carrier does not damage or negatively 
affect the aesthetics of hair or cause irritation to the 
underlying skin. 

Carriers suitable for use with hair care compositions of 
the present invention include « for example, those used in 
the formulation of hair sprays, mousses, tonics, gels, 
shampoos, conditioners, and rinses. The choice of 
appropriate carrier will also depend on the particular 
thermoplastic elastomer to be used, and whether the 
product formulated is meant to be left: on the surface to 
which it is applied (e.g., hair ^ray, mousse, tonic, or 
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gel) or rinsed off after use (e.g., shainpoo, conditioner, 

rinse) . • 

The carriers used herein can include a wide range of 
coinponentB conventionally used in hair care con^ositiohs. 
The carriers can contain a solviKit to dissolve or 
disperse the pEurticuIaz- thermoplastic elastomer being 
used, with water, the Ct-Ce alcohols, lower alKyl acetate 
and mixtures thereof being preferred. The carriers can 
also contain a wide variety of additional materials such 
as acetone, hydrocarbons (such as isobutane, hexane, 
decene) , halogenated hydrocarbons (such as Freons) and 
volatile silicones such as cyclomethicone. 

When tbje hair care composition is a hair spray, Conic, 
gel, or mousse the preferred solvents Include water, 
ethanol, volatile silicone derivatives, and mixtures, 
thereof. The solvents used in such mixtures may be 
miscible or itnmiscible with each ocher. KousseB and 
aerosol hair sprays can also utilise any of the 
conventional propellamts to deliver the material as a 
foam (in the case of a nrousse) or as a fine, uniform 
spray (in the case of an aerosol hair spray) . Examples 
of suitable propellcuits include materials such as 
tr ichlorof lixoromechane , dichlorodif luoromethane , 

difluoroethane, dimethyl ether, prc^ane, n-butane or 
isobutane. A tonic or hair spray product having a low 
viscosity may also utilise an emulsifying agent. 
Examples of suitable emulsifying agents include nonionic, 
cationic, smionic surfactants, or mixtures thereof. If 
such an emiilsifying agent is used, it is preferably 



(68) 



JP. 2004-510720 A 2004. 4. 8 



WO02n81SS PCT/EPOI/11312 

34 

present at a level of from about 0.01% to about 7.5% by 
weight based on total weight of the composition. The 
level of pzYspellant can be adjusted as desired but la 
generally from about 3% to about 30% by weight based on 
total weight for mousse compositions and from about 15% 
to about 50% by weight based on total veight for aerosol 
hair spray conipositions . 

Suitable spray containers are well known in the art and 
include conventional, non- aerosol punp sprays i.e., 
^atond^sers" , aerosol containers or cans having 
prppellant, as described above ^ and also pump aerosol 
containers utilising con^ressed air as the propellant. 

where the hair care compositions are conditioners and 
rinaes, the carrier can include a wide variety of 
conditioning materials . Where the hair care coirpositions 
are shampoos, the carrier can include, for exan^Jle, 
surfactant e, suspending agents, and thickeners. Hair- 
styling creams or gels also typically contain a 
structurant or thickener, typically in an ^nount of from 
0.01% to 10% by weight. 

The carrier can be in a wide variety- of forms. For 
example, emulsion carriers, including oil-in-water, 
water- in-oil, water- in-oil- in- water, and oil-in-water-tn- 
silicone einulsione, are useful herein. These emulsions 
can cover a broad range of viscosities, e.g., from about 
100 cps to edMut 200,000 cps. These emulsions can also 
be delivered in the form of sprays using either 
mechanical pump containers or pressurised aerosol 
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containers using conventional propellants. These 
carriers can also be delivered in the form of a tnouese. 
Other suitable topical carriers include anhydrous liquid 
solvents such as. oils, alcohols, and silicones (e.g., 
mineral oil, ethanol, isopropanol, dime thi cone, 
cyclomethicone, zmd the like) ; aqueous-based single phase 
liquid solvents (e.g., hydro- alcoholic solvent systems); 
and thickexied versions of these anhydrous and aqueous > 
based single j^se solvents (e.g., where the viscosity of 
the solvent has been increased to form a solid or aerai- 
aolid by the addition of appropriate gums, resins, wajces, 
polymers, salts, and the like) . 



Additional ContponentB 

A wide variety of additional con^nents can be employed 
in cosmetic and personal care conqpositions according to 
the present invention. Exan^les include the following: 

hair styling polymers for hair styling compositions 
such as hair sprays, gels, and mousses. Hair styling 
polymexs are well known articles of commerce and many 
such polymers are available conrrnercially which contain- 
moieties which render the polymers cat ionic, anionic, 
amphoteric or nonionic in nature. The polymers may be 
synthetic or naturally derived. 

The amount of the polymer may range from 0.5 to 10%, 
preferably 0.7S to 6% by weight based on total weight of 
the cooqposition. 
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Examples of anionic hair styling polymers ares 

copolymers of vinyl acetate and crotonic acid; 

terpolymere of vinyl acetate, crotoalc acid and a vinyl 
ester of an alpha -branched saturated aliphatic 
monocarboxylic acid such as vinyl neodecanoate ; 

copolymers of methyl vinyl ether and tnaleic anhydride 
(molar ratio about 1:1) wherein such copolymers are 50% 
esterified with a saturated alcohol containing from 1 to 
4 carbon atoms such as ethanol or butanol; 

acrylic copolymers containing acrylic acid or methacrylic 
acid as the anionic radical -containing moiety with other 
monomers such as: esters of acrylic or methacrylic acid 
with one or more saturated alcohols having from 1 to 22 
carbon atoms (such as methyl methacrylate , ethyl 
acrylate, etl^l methacrylate, n-butyl acrylate, t-butyl 
acrylate, t-butyl methacrylate, n-butyl methacrylate , n- 
hes^l acrylate, n-octyl acrylate, lauryl naethacrylate and 
behenyl acrylate) ; glycols having from 1 to 6 carbon 
atoms (such as hydroxypropyl methacrylate and 
faydroxyethyl acrylate) ; styrene ; vinyl caprolactam; vinyl 
acetate; acrylamide; alkyl aczyl amides and 

raethacrylamides having 1 to 8 carbon atoms in the alkyl 
group' (such as methacrylamide , t -butyl acrylamide and n- 
octyl acrylamide) ; and other coiqpatible unsaturated 
monomers • 
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The polymer nay also contain grafted silicone, such as 
polyditnethylslloxane . 

Speci£lc exan^Ies' o£ suitable anionic hair styling 
polymers are: 

RESYN® 26-2930 availeOale £rom National Stazrcli (vinyl 
acetate/crotonic acid/vinyl neodecanoate c^olymer) ; 

ULTRAHOLD® 8 available from BASF (CTPA designation 
Acrylates/acrylamide copolymer) ; 

the GANTRBZ®B8 series available Crom ISP corporation 
(esterified copolymers o£ methyl vinyl ether and maleic 
anhydride) . 

Other suitable anionic hair styling polymers include 
carbo3cylated polyure thanes . carboxylated polyurethane 
resins are linear, hydroxyl -terminated copolymers having 
pendant carboasyl groups. They may be ethoxylated and/or 
propoaeylated at least at one terminal end. The carboxyl 
grovtp can be a carboxylic acid group or an ester gro^* 
wherein the alkyl moiety of the ester group contains one 
to three cariaon atoms. The carboxylated polyurethane 
resin can also be a copolymer of polyvinylpyrrolidone and 
a polyurethane, having a CTFA. designation 
PVP/polycarbamyl polyglycol ester. Suitable carboxylated 
polyurethane resins are disclosed in EP-A-0619111 and US 
Patent No. 5,000,955. Other suitable hydrophilic 

polyurethanes are disclosed in US Patent Hos. 3,822,238; 
4, 156, 066; 4,156.067; 4,255,550; and 4,743,673. 
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An^hotezlc hair* styling polymers- which can conkain 
cationic groups derived from monomers auch as t -butyl 
aminoethyl methacrylate as well as carboxyl groups 
derived from monomers such as acrylic acid or methacrylic 
acid can also be used in the present invent io». One 
specific exan^le of an ainphoteric hair styling polymer is 
Ane>hon»z® (Octylaczyl amide/ acrylates/butylaminoetJQrl 
methacrylate copolymer) sold by the National Starch and 
C33emloal Corporation. 

Examples of nonionic hair styling polymers are 
hwnopolymere of N- vinyl pyrrol i done and copolymers of N- 
vinylpyrrolidone with conipatible nonionic monomers such 
as vinyl acetate. Nonionic polymers containing E7- 
vinylpyxrolidone in various weight average molecular 
weights are available commercially from ISP Corporation - 
specific examples of such materials are homopolymers of 
sr- vinylpyxrolidone having an average molecular weight of 
about 630,000 sold under the name PVP K-90 and are 
homopolymers of N- vinylpyrrolidone having an average 
molecular weight of about 1,000,000 sold under the name 
of PVP K-120. 

Other svdtable nonionic hair styling polymers are cross- 
linked silicone resins or gums. Specific eaeainpleo 
include rigid silicone polymers such aa those described 
in EP-A'0240350 and cross-linked silicone gums such as 
those described in wo 96/31188. 
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Examples of cationic hair styling polytnera are copolymers 
of amino -functional acrylate monomers sucb as lower alky-1 
aminoal)^l acrylate, ox* metliacrylate monomers such as 
dimetfaylaminoethyl metliacrylatre, with compatible monomefa 
such as N-vir^lpyrrolidone, vinyl caprolactam, alkyl 
methacrylates (such as methyl methacrylate and ethyl 
methacrylate) and alkyl acrylates {such as ethyl acirylate 
and n-butyl acrylate) . 

Specific exaniples of suitable cationic polymers are: 

ccpolymers of N-vinylpyrrolidone and dlmethylaminoetfayl 
methacrylate, available from Z-SP Corporation as Copolymer 
B45, Capolyn^ 937 and Copolymer 958; 

copolymers of N-vinylpyrrolidone and 

dimethyl aminopropylacrylaraide or tnethacryl amide, 

available from ISP Corporation as styleze® CCIO; 

copolymers of N-vinylpyrrolidine and dimstl^lamiooetl^l 
methacrylate; 

copolymers of vinyl caprolact am, N-vinylpyrrolidone and 
dimethylaminoethylmethacrylate; 

Polyquatemium-4 (a copolymer of diallyldimoniinn 

chloride euid hydroxyethylcellulose) ; 

PolyquatemiuiD-11 (formed by the reaction of diethyl 
sulphate and a copolymer of vinyl pyrxolidone and 
dimethyl aminoetfaylv^thacrylate) , available from ISP as 
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Gafquat® 734, 75S and 755H, and from BASF as lAiviquat® 
PQll; 

Polyquatemlixm-ie (formed from methyl vinylitnidazolium 
chloride pp ^ vinylpyxTolidcme) , available from BASF as 
Luviquat® PC 370. PC SSO, FC 905 and HM-552; 

Polyquaterniuni-46 (prepared by the reaction of 
vinylcaprolactara SLad vinylpyrrolidone with 

mathylvlnyllmidazolluni metbosulphate) , available from 
BASF aa LuviqiiBt®Hold. 

Examples of suitable natturally- derived polymers Include 
shellac, alginates, gelatins, pectins, cellulose 
derivatives and chifcosan or salts and derivatives 
thereof. Coramercially available exan^les include 

Kytamer® (ex Amer^iol) and Amaze® (ex National Starch) . 

Also suitable for txse as optional coinponenta in the 
coapositions of the invention are the ionic copolymers 
described in WO 93/03703, the polys iloxane -grafted 
polymers disclosed in WO 93/23446, the silicone- 
containing polycarboxylic acid copolymere described in WO 
95/00106 or WO 95/32703, the thermoplastic elastomeric 
copolymers described in WO 95/01383, WO 95/06078, WO 
95/06079 and WO 95/01384, the silicone grafted adhesive 
polymers disclosed in wo 95/04518 or WO 95/05B00, the 
silicone macro-grafted copolymera taught in WO 96/21417, 
the silicone macromers of WO 96/32918, the adhesive 
polymers of WO 98/4S770 or WO 98/48771 or WO 98/48772 or 
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WO 9B/48776, the gra£t: polymers of HO 98/51261 and the 
grafted copolyoiars described in WO 98/517S5. 

With certain of the above- described polymers it may be 
necessary to neutralise some acidic groups to promote 
Bolubility/dispereibility. Examples of Buitable 

neutralising agents include 2 -amino- 2- methyl-1, 3- 
propanediol (AMPD) ; • 2 -amino- 2 -ethyl -1,3 -propanediol 
(AEPB) ; 2-amino-2-methyl-l-propanol (AKP) ; 2<-amino~l> 
butanol (AB) ; monoethanolamine (MBA) ; dlethanolamine 
(DBA.) f triefchanol amine (TEA) ; monoisopropanolamine 
CMIPA] ; dilsopropanol -amine (DIPA) ; triiaoprppaxiolamlne 
(TIPA) ; and dimethyl steaz-amine (DMS> . A long chain 
amine neutralising agent such as s tear ami dopropyl 
dimethylamine or laur ami dopropyl dimethylamine may be 
employed, aa ia described in US 4,874,604. Also suitable 
are inorganic neutral isers, exan^les of which include 
BOdlxxm hydroxide, potassium hydroxide and borax. 
Mixtures of any of the above neutralising agents may be 
used. Amounts of the neutralising agents will range from 
about 0.001 to about 10% by weight of the total 
conpositlon. 

sunacreening agents such aa 2-ethylhexyl p- 
methoxycinnamate , 2 - ethylhexyl N , N- dimethyl - p- 

aminobensoate, p-aminobenzoic acid, 2- 

phenylbenzimidasu>le-5-sulfonic acid, octocrylene, 

oxybenzone> homomentfayl salicylate, octyl salicylate, 
4,4* -metboxy-t-butyldibenzoylmsthane, 4-i8oprcpyl 
dibenzoylnethane, 3-benzylidene camphor, 3- (4- 
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metliylbenzylldene) canphor, titanium dioxide « zinc oxide, 
allica, iron .oxide, and mixtures thereof. 

Euiti -dandruff actives Such aa zinc pyrithione, 
piroctone Diamine « selenium disulphide, sulphur, coal 
tar, and the like. 

hair conditioning agents such as hydrocarbons, 
silicone fluids, and . cat ionic materials. The 
hydrocarbons can be either straight or bremched chain and 
can contain from about lO to about 16, preferably from 
about 12 to about 16 carbon atoms. Exanplee of suitable 
hydrocarbons are decane, dodecane, tetradecane, 
tridecane, and mixtures Chereof . ExamFlea of suitable 
silicone conditioning agents useful herein- can include 
either cyclic or linear polydimethylsiloxanes, phenyl and 
Eakyl phenyl silicones, and silicone ceapolyols. Cationic 
conditioning agents useful herein can include quaternary 
ammonium salts or the salts of fatty amines. 

surfactants for hair sharr^oo and conditioner 
con^xssitions. For a shampoo, the level is preferably from 
about 10% to about 3 0%, preferably from 12% to about 25%, 
by weight based on total weight of the coniposition. For 
conditioners, the preferred level of surfactant is from 
about 0.2% to about 3%. by weight based on total weight 
of the composition. Surfactants useful in compositions 
of the present invention include anionic, nonionic, 
cationic, zwitterionic and amphoteric surfactants. 
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cazbos^lic acid polymer thickeners for hair shanpoo 
and conditioner coraposl^lonB. These crossllziked polymera 
contain one or more nionomera derived from acrylic acid, 
■eubatltuted acrylic acids, and salta and estez-s of these 
acrylic acids and the substituted acrylic acids, wherein 
the crossl inking agent contains two or more carbon-carbon 
double bonds and derived from a polyhydric alcohol. 
Escainples of carboxylic acid polymer tliickeners useful 
herein are those selected from the group consisting of 
carbomerBr acrylates/Clo-CSO ^3.1^1 aery late 

croaspolymers, and mixtiires thereof. Compositions of the 
present invention can comprise from about 0.025% to about 
1%, more preferably from about 0.05% to about 0.75% and 
roost preferably from about 0.10% to about 0.50% of the 
carboxylic acid polymer thickeners, by weight based on 
total weight of the con%>osition. 

emulslfiers for emulsifying the various carrier 
conponents of the compositions of the invention, 
suitable eimilsifier types include polyethylene glycol 20 
sozbitan monolaurate (Polysorfoate 20) , polyethylene 
glycol 5 soya sterol, Steareth-20, Ceteareth'-20, PPG-2 
methyl glucose ether distearate, Ceteth-10, Polyeorbate 
80, cetyl phosphate, potassium cetyl phosphate, 
diethanolamine cetyl phosphate, Polyeorbate 60, glyceryl 
stearate, PBG-100 stearate, and mixtures thereof. The 
emolsifierB can be used individually or as a mixture of 
two or tnore and can cooprise from about 0.1% to about 
10%, more preferably from about 1% to about 7%, and most 
preferably from about 1% to about 5%, by weighjt based on 
total wei^t of the composition. 
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- vitamlnB and derivatives thereof (e.g., ascorbic acid/ 
vitamia tocopheryl acetate, retinoic acid, retinol, 
retinoids, and the like) . 

- catioxiic polymers (e.g., cationic guar gum derivatives 
auch as guar- hydxoxypropyltrinioziiiiin chloride and 
hydrrocypropyl guar hydroxyprc^yltriracnium chloride, 
available as the Jaguar® series from Bhone-Poulenc) . 

preservatives, antioxidants, chelators and 
sequest rants; and aesthetic coinponents such as 
fragrances, colourings, hair nutrients and essential 
oils. 

The invention also involves a method of styling hair by 
applying thereto a styling coniposition as is hereinabove 
descril^d. 

The following non-limiting Exan^les further illustrate 
the preferred embodiments of the invention. All 
percentages referred to are by weight based on total 
weight unless otherwise indicated. 



BZAMPLBS 

gyntheals and Charaoterisation 
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The synthesis and characterization of the polymers vras 

carried out according to the following general 
procedures . 
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^nthesis 

Synthesis' of the copolyniers o£ the Invention is 
illustrated by reference to Bacawsple 4 6 below. Other 
copolymerB of the invention can be prepared in- an 
analogous manner/ as will be evident to those skilled in 
the art. 

1. bis- initiator 




■ 2. free nitxxaxide 




3. monomer for midbloclc (B block) 




2-methoxyethyl acrylate (MBA) 



4. monomer for endblock <A block) methyl methacrylate 
<MHA) and: 
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N,N-diiiifithylacrylamide (DMA) 

5. Preparation of midblbck (B block) 

Bls-ixiltiator (0.55S7g, 0.6147nnnol) , MBA (40.00g, 
307.3€innol) and free nitroxlde (2.70nig, 0.0123niniol) were 
mixed in a 200nii:i flask xinder argon, and heated at X25 
with vigorous stirring for 5 hrs, then cooled to room 
temperature. The conversion was 77% as measured by ^H-NMR. 
Tlie reaction mixture vas dissolved in acetone (60 mli) , 
and precipitated into hexane (fiOO mL) . Olie polymer was 
collected and dried under vacuum at 45 affording a 

clear viscous liquid {30.08g) . 

6. Preparation of triblock copolymer (ABA) 

Midblock polymer (28.88g), diglyme (2B.38g) and free 
nitroxlde (5.40nig) were mixed under argon in a glove box 
to form a macroinitiator solution. The macroinitiator 
solution (2.00g}, DKA (l.lSfimZ.) and MMA. (0.821ml*) were 
mixed In a ISiniL flask under argon in a glove box and 
sealed. The solution was stlzxed and heated at 125 "C for 
8 hrs, then cooled to roo m tesperattire. The mixture was 
dissolved in acetone (10 mL) , and precipitated by slow 
addition of hexane <30 itiL) . The precipitation process was 
repeated once. The triblock copolymer was collected and 
dried under vacuum overnight, affording a white solid 
(1.88g) (the copolymer of Example 46). 
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From these polymerisation methods, it will be evident to 
those o£ sicill in the ar^ that linking atoms may exist 
between the A and B blocks. These linking atoms are 
typically artefacts of the particular polymerisation 
mechanism employed. The presence o£ the linking atoms 
does -not necessarily affect the properties of the block 
copolymers of the invention and polymers containing 
linking atoms are not intended to be excluded from the 
definition of the block copolymers xx> matter which 
formula is used, such as A>B-A, A-R-a) etc. 

Charaetarlsafclon 

Method For Determining Bond Strengths 

For an Indication of the level of hold offered by a 
styling polymer and to assess whether or not it adheres 
to hair, the bond strength between the polymer and a 
single fibre is measured using an automated bond strength 
kit. The technique is based on the principle of using an 
automated bond strength kit to measure the force In grams 
to break a baad between a polymer and two perpendicularly- 
crossed hair fibres. This was designed by Dlastron 
Limited (Andover, UK) ■ and is widely used in the hair 
styling Industry. 

l^paratUB 

Dlastron model 600 fitted with Lacquer testing carousel 
controlled by Series MTTWin control software (Supplied by 
Dlastron Ltd Andover UK) . 
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Procedure 

a) Preparation of Hair Fibres 



Bpanlah hair (Supplied by Hugo Royer eandtiurst UK) having 
a maxinum and minimum diameter o£ ' between 60 and 80 
microns is £irst cleaned by submersion in ether for 1 
minute. It is then washed with a base shampoo (16% SLBS 
2EO) and air dried in a straight coxiformation at 25deg C 
/ 50%RH for 12 hours. 

b) Preparation of Styling Polymer Solution 

Make up a 3% concentrated solution of the test styling 
polymer in a 55% water / 45% ethanol mixture. 



c) Diastron Control Software Parameters 



The values for the test parameters within the MTTWin 
control panel (Lacquer Testing Routine) are set as 
follows : 

Percentage Extension % =100 

Sate Bim/min - 10 

Max Force gmf « 200 

Oauge Force gmf « 2 

Enable Break detection » 20 

Carousel Set yp - 25 sanples. 
Start at 1 

(Itoalysis Break detection = 5) 
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d) Protocol 

1. Mount the cross hair fibres on the aluminium blocks 
provided using an alpha cyanoacrylate adhesive (e.g. 
Cyanollt™) . 

2. Locate the mounted aluminium blocks in the slots 
within the lacquer testing carousel. 

3. Using the Diastron crimping apparatus and mounting 
block, attach brass ferrule at each end of 25 hair 
sanipleG at a spacing of 30 mra as determined by the 
mounting block. 

4 . Lay the cringed aan^les across the mounted hair 
fibres so that they lie perpendicularly to each other 

5. Cut the crinped hair fibre using a sharp blade, 
above the cross-over point with the horizontal fibre, 
and at the end nearest to the centre of the carousel. 

6. Using a l microlitre syringe (Supplied by SGB 
International Pty Ltd) deposit 1 microlitre of the 3% 
solids solution o£ the test styling polymer into the 
fibre crossover 

7. Allow to dry for 3 hours under required teII^Jerature 
and humidity conditions ie, the conditions under which 
the bond strength measurement is to be carried out 

8. Execute the automatic testing method using the* 
parameters set previously 

e) xsata handling 



25 separate load di^lacement plots ar« recorded for the 
carousel of sanples. The peak load suppcH:ted by the bond 
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is recorded for each Geparate test and the mean load and 
etandfitrd deviation calculated for the caroiisel. 



Size exclusion chromatography (SSC) chaxacterlzacion . 
Is performed In N, N>dlmethylf cuC^mlde {CMF)« and 
molecular weights are calculated using a callbratlOT 
obtained with polystyrene stemdards. The chain extension 
o£ trlblock copolymers from mldblock polymers can be 
clearly observed from SEC data. Figure 1 shows data from 
a represent at iv-e copolymer after polymerization of the 
mldblock, and after addition of the endblocks to the 
mldblock. Initially, the mldblock polymer above has a 
molecular weight of 107,200 g/mol. After chain extension 
with DMA., the molecular weight of the resulting trlblock 
copolyiQsr increases to 161,700 g/mol (relative to 
polystyrene standards) . 

Triblock copolymers are also characterized by '"H-NMR 
in CDClj. signals from different blocJcs can be clearly 
seen, and are consistent with proposed chemical structure 
of trlblock copolymers. The composition of trlblock 
copolymers (e.g., the molar ratio of MEA/IXA) may be 
calculated by con^azison of relative Integration of 
signals from different blocks. 

Figure 2 shows by way of illustration the In-phase 
{G') and out-of -phase (G' ' ) components of the con?jlex 
rheological modulus G* as a function of frequency (<») for 
a triblock copolymer of DMA and MKA (different from, but 
related to, polymers of the invention) . A san^le of a 
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DMA-MBA-DMA. copolyitter with number- average block molecular 
weights of 12,000-52,000-12,000 g/mol and a DMA content 
of 38 niol% was molded at 120 "C into two disks 12 mm in 
diameter and 0.8 ram thick. These disks were placed in 

t the round shear sandwich test fixture of a Eiheometric 

Scientific DHXA.-IV dynamic mechanical thermal analyzer 
and annealed at 120 'C for 5 minutes prior to 
measurement. Measurements were performed at 120 *C with 
a strain amplitude of 1%. At high frequencies, the 

* response is dominated by the in-phase or elastic 

contribution, as expected. A crossover from in-phase to 

_^ out-of -phase behavior is observed aroimd 200 Hz. 

viseoelastic models for polymer behavior generally 
associate crossovers with the characteristic time for 
molecular relaxation mechanlBms; crossovers' at such low 
frequencies are usually associated with motion of entire 
molecules. Below this crossorver, both G' (<D) said G' ' (co) 

ll Bcale approximately as in contrast to the G' (m) - 

<D*', G* ' (<d) ~ m'* scaling expected for hotnopolymers . A 
second crossover is observed around 0.8 Hz which might be 
associated with the motion of molecular agcfregates; this 
second crossover is generally not seen in homcpolymers . 
The overall shape of this spectrum resembles that 
previously observed for other block copolymers with 
similar con^ositions (Zhao, J.? Majumdar, B.; Schulz, M. 
F. ; Bates, F. S.? Almdal, K. ; Mortensen, K. ; Hajduk, D. 
A.; Gruner, S. M. Wacrtaroolecules 1996, 29, 1204-1215; 
Schulz, W. P.; Khan«^pur. A. K. ; Bates, P. S,; Almdal, K. ; 
Mortensen, K. ; Bajduk, D. A.; Gruner, S. H. 
itfacxtsnolecules 1996, 2S, 2857-2867) . 
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Figure 3 shows the in-phaae (B* } axad the out-o£- 
phase {B* ' ) conponentB of the conplex solid modulus 
for a representative triblock copolymer of DMA, KEA, and 
tex-t-butyl acrylate (tBA) as a function of temperature at 
a frequencry of 10 Hz, a strain artplitude of 0.1%, and a 
heating rate of 2.5 •C/min. A DMA- (KEA-eo-tBA) -DMA 
copolymer with nuntber- average block molecular weights of 
14« 000-46, 000-14,000 g/molr respectively, a DMA content 
of 45 inol%, and a tBA content in the midblock of 10 iiiol% 
was molded at 120 'c into a sheet 1.24 mm thick. This 
sheet was triimned into a bar measuring 9.5 x 10 mm and 
mounted in the single cantilever test fixture of a 
Rheoroetric Scientific DMTA-IV dynamic mechanical thermal 
analyzer. The satiqple was cooled to -50 *C and permitted 
to equilibrate for at least five minutes before the 
settings of the sample fixture clati^ were adjusted to 
hold the polymer in place at this torqperature . The 
eanqple was then retiimed tp >50 *C and permitted to 
equilibrate for another five minutes prior to 
measurement. The polymer exhibits two glass transitions, 
at '15 'C gUu3 45 *C, as indicated 23y maxima in the curve 
of B' ' (T) . These values are considerably different than 
those measured for pure MEA and DMA (-50 "C and 100 'C, 
respectively) ; the discrepancies reflect the finite 
heating rate used in this experiment, the presence of 10 
nol% tBA in the MEA block (for which - 50 *C}, and the 
mixing of HBA and DMA across the interfaces separating 
MBA-rich a2id DMA-rich domains. 

Method for determining elastic modulus 
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Modulus (B) was determined at 10 Hz, 1% strain, 2S»C in a 
single tension geometry after two days of equilibration 
at 50% relative humidity, 2S*'C. Samples of polymer were 
molded at 120 *C into sheets 1.24 rwn thick. This sheet 
was t:rinBned into a bar measiiring 9.5 x 10 ram and mounted 
in the single cantilever test fixture of a Rheometric 
Scientific DMTA-IV dynamic mechanical thermal analyzer. 

Method For Determining ViscoBity 

Viscosity was estimated for 5 wt% polymer in 50 vol% 

aqueous ethanol solution at 25'»C using capillary 
viscometry and assiming a viscosity for deionized water 
of 1 cp. 

Method For Determining tfolecular Weights 

ITiiinber average niolecular -weights (Kn) for midblock 
polymers are calculated from the monomer-to- initiator 
ratios, and the conversion of monomer as measured by NMR 
(generally about 80%) , assuming the polymerization 
process is living. . Mn for endblock polymers are 
calculated from JXtA mole fractions and Mn values of 
midbloclc polymers. DKft mole fractions are determined by 
NMR. 
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CoBiparatlve Bxaaple 

Ifhei data given above can be con^ared with that for a 
block copolymer in which the core and flcuiking 
polymers are derived from a single monomer. 

A DMA-MBA-DMA. blocX copolymer having a molecular 
weight of 52,000 Da for. the DMA. blocks and 46,000 Da 
for the MESA blocks (Comparative Exatnple) was selected 
for comparison with the related copolymers of Example 
52. The results are as follows: 



Polymer 


Bond Strength (g> at 25 «C 




80% Relative Humidity 


Comparative Example 


1.5 


Bxan^le 52 


14.2 



The use of copolymeric segments in the A or B blocks 
of an ABA block copolymer therefore gives surprising 
advantages in the resistance to humidity. 

Bxanpleg 61 to 66 

The following are examples of con^sitiona according to 
the invention. 

The materials used in the exan^ies include the following: 
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Material 


Supplier 


Function 


Silicone eraulBlon X2 1787™ 


Dow Coming 


conditiOTing 


VOLPO CS 50™ 


Croda Gheroicale 


surfactant 


Septcide LD™ 


Seppic 


preservative 


Crecnophor RH4I0™ 


BASF 


stabiliser 


Bilicozie DC 200/DC 24 


Dow Coming 


conditioning 


Sllwet L7602/L-720'* 


Unic3n Carbide 


surfactant 


CAP 40"* 


Calor Gas 


propellent 


Carbopol 980™ 


BF Goodrich 


structiirant 


Jaguar HP-105™ 


Rhodia 


conditioning 


Silicone Fluid 245™ 


Dow Coming 


conditioning. 



Ethanol was used as SD Alcohol 40>B (92% active) 



Bxaopla 61 

2V styling mousse is formulated as follows: 



Material 


% in product (w/w) 


Silicone Emulsion X2 1787 


1.2 


Polymer of any of Examples 1 
to 60 


1.5 


•V01J>0 CS 50 


0.3 


Sepicide ID 


0.4 


Cremophor BH410 


0.2 


Ethanol 


7.S 


CAP 40 


8.0 


Perfume 


0.2 


Water 


to 100% 



Bxanqile 62 
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A halrspray is formulated as follows: 



Matieirial . 


% in product (w/w) 


Polymer of any of Bxanples 1 
to 60 


3.0 


Silicone zx:200 


0.09 


Silwet Ii7602 


0.09 


CAP 40 


35.0 


Bthanol 


60.0 


Perfume 


0.10 


Water 


to 100% 


Exaagple 63 




A punp spray is formulated ae 


follows: 


Material 


% w/w 


Ethanol 


60.0 


Polymer of az^ of Bxanples 1 
to 60 


3.5 


Silwet Ii-720 


0.3 


Silicone DC24S 


0.15 


Fragrance 


0.3 


Hater 


to 100% 


Bxaapla 64 




A Styling gel la formulated as follows: 


Material 


% w/w 


Polymer of any of Bxanples l 


3.B 
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to 60 




Carbopol 980 • 


0.4 


Water 


to 100% 


Sepicide LD 


0.4 


Sodium hydroxide (8% 2M) 


0.1 


Bfchanol 


10.0 


Cremaphor RH410 


0.4 


Jaguar HP- 105 


0.2 


Perfume 


0.15 


ExaxDpIe 65 




A 55% voc propelled aerosol 
follows : 


conqposition is formulated as 


Material 


% w/w 


Polyn»r of any of Bxauples 1 

to 60 


3.75 


Silicone Fluid 245 


0.20 


Fragrance 


0.32 


Ethanol 


19.53 


Dimethyl ether 


35.00 


Sodiinn benzoate 


0.26 


Cyc 1 obexyl amine 


0-21 


Hater 


to 100% . 



Bxassple 66 



A 55% voc pump hairspxay congposition is formulated as 
follows : 
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Hatez-ial 


% w/w 


Polymer of any of Exairples 1 
to 60 


3-75 


Cyclopentasiloxane (99% 
active) 


0,15 


Benzophexione 4 


0.0001 


Fragrance 


0.25 


Bthanol 


56.00 


Hatex 


to 100% 
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rT f^T H fl 

i: Cosmetic or personal care composition comprising a 
thermoplastic elastomer which is a block copolymer 
contprising a core polymer having a backbone con^jrioing 
at least a proportion- o£ C<C bonds and two or more 
flanking polymers, each flanking polymer being 
covalently bound to an end of the core polymer, wherein 
the core polymer and/or at least one of the flanking 
polymers is a copolymer derived from two or more' 
monomers, and a cosmetically acceptable diliient or 
carrier. 

2 . Con^osition as claimed in Claim 1, \);herein the core 
polymer has a Tg of from -100''C to SO^C. 

3. Coi^position as claimed In Claim 1 or Claim 2, wherein- 
the Clanking polymers have a Tg of from 30°C to ISO'C. 

4. Con^sitlon as claimed in. any one of the preceding 
claims, wherein the block copolymer is linear or star- 
shaped. 

5. Composition as claimed in any one of the preceding 
claims, «ftierein the block copolymer is a linear ABA 
block copolymer. 

6. Composition as claimed in Claim 5, wherein the block 
copolymer has the structure {AB}3-Core, where A and B 
are polymeric blocks and Core is a non -polymeric 
linking core. 
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7. composition as claimed in any one of the preceding 
claims, ^rtierein the block copolymer is soluble in a 
solvent selected from water, ethanol and mixtures 
thereof . 

8. Composition as claimed in any one at the preceding 
claims, ^rtierein at least one of blocks A and B is a 
random block con^rieing two or more monomers, wherein 
at least one of the two or more monomers is hydrophilic 
and at least one of the two or more monomers is 
hydrophotii c . 

9. Composition as claimed in Claim 8 wherein the absolute 
difference in log p values between the hydrophobic and 
hydrophilic monomers is preferably at least about 0.5. 

10. Conposition as claimed .in any one of the preceding 
claims, wherein the core polymer is a random copolymer 
of two or more different acrylate esters- 

11. Composition as claimed in any one of the preceding 
claims, wherein the core polymer is a polymer or 
copolymer of a (C1-C3 alkoxy)Cl-C6 alkyl acrylate. 

12. Coopoaition as claimed Claim 11, wherein the core 
polymer is a polymer or copolymer of (2-methracyetfayl} 
acrylate. 

13. Con^poaition as claimed In any one of the preceding 
claims, wherein the flanlting polymers are random 
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copolymers of an acrylamide with one or nK>re other 
vdnylic mononifirs , 

14 . Conqposition as claimed in any one of the preceding 
claims » wherein the flanking polymers are polymers or 
copolymers of N^N-dimethyl aexylamide. 

15. Composition as claimed in any one of the preceding 
claims, vrfiich caaspTiBBB from 0.1 to 10% by weight of 
the block copolymer. 

16. Composition as claimed in. any one of the preceding 
claims, wherein the core polymer has a weight average 
molecular weight of from 20 )cDa to 500 kDa. 

17. Con^sition as claiioed in any one of the preceding 
claims, wherein the flanking polymers have a weight 
average molecular weight of from 200 Da to. 50 kDa ^ 

18. Conposition as claimed in any one of the preceding 
claims, wherein the molar ratio of the core polymer to 
the flanking polymers is from 1:10 to 10:1. 

19. Gon^siti<»i as claimed in any one of the preceding 
claims, nAierein the block copolymer has a bond strength 
of at least 10 g at 40°C and 80% relative humidity. 

20. Composition as claimed in any one of the preceding 
claims, wherein the block copolymer has a bond strength 
of at least 15 g at 25 "C and 80% relative humidity. 
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21. Conpoaitlon as claimed In any one of the preceding 
claims, wherein the polymer has a viecoslty of less 
than 15 cp as determined for S wt% polymer in 50 vol % 
aqueous etbanol solution at 25''C uaing capillary 
viscometry and assuming a viscosity for deionised water 
of 1 mPas. 

22. Cong>osltlon as claimed in any one oC the preceding 
claims, wherein the block copolymer has a bond strength 
of at least 34 g at 25 "C and 50% relative humidity and 
an elastic modulus of less than 0.45 Gpa. 

23 . Coiz^osition as claimed in any one of the preceding 
claims, which further comprises a fragrance or perfume. 

24 . Con^sition as claimed in 'any one of the preceding 
claims, which is a hairspray, mousse or gel for styling 
hair. 

25. Composition as claimed in Claim 24, fuz1:her 
comprising an additional hair styling polymer. 

26. Conposition as claimed in Claim 24 or Claim 25, 
further comprising from 0.01% to 7.5% by weight of a 
surfactant . 

27. Composition as claimed in any one of Claims 24 to 
26, further conprising up to 30% by weight of a 
propellant. 
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28. Cotrpoaition as claimed in any one of Claims* 24 to 27 
which ia a hair styling cream or gel including from 
0.01* .CO 10* by weight of a atructurant or thickener. 

29. A cosmetic method of treating hair which coinprisea 
applying to the hair a conposition according to any one 
of Claims 1 to 28. 

30. Method ae claimed in Claim 29, wherein the hair is 
human hair. 

31. Use of a coir?x5Bition according to any one of Claims 
X to 28 for the cosmetic treatment of hair. 
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